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PREFACE. 


That  Refrigeration  is  a  subject  of  great  and  daily  increasing  interest  is 
now  universally  acknowledged.  The  field  of  usefulness  of  the  art, 
moreover,  is  gradually  widening,  and  the  near  future  will  doubtless 
see  even  more  rapid  developments  than  those  which  have  taken  place 
in  the  past. 

When  the  Author  produced,  in  1895,  his  smaller  work  entitled 
'*  Refrigerating  and  Ice- Making  Machinery,"  the  literature  dealing 
specifically  with  the  subject  was  of  a  very  limited  and  chiefly  of  a 
scattered  description,  but  at  the  present  time  there  are  a  number  of 
books  published — mostly,  however,  of  American  origin.  The  periodical 
literature  also — which  in  1895  was  confined  entirely  to  the  United 
States — has  likewise  been  largely  augmented,  notably  by  the  publication 
in  this  country  of  several  monthly  journals  treating  specifically  of  Refri- 
geration, and  also  by  several  such  magazines  produced  in  Germany. 
France,  strange  to  say,  as  yet  boasts  only  one  such  periodical. 

The  success  attained  by  "  Refrigerating  and  Ice- Making  Ma- 
chiner)' " — now  in  its  Third  Edition — has  encouraged  the  Author  to 
produce  the  present  larger  volume,  which  it  is  hoped  may  be  found 
to  meet  the  needs  of  a  class  of  readers  requiring  a  more  complete 
treatise  than  has  up  to  the  present  time  been  published  in  this 
country. 

In  the  preparation  of  the  present  work  the  Author  has  been 
indebted  for  much  useful  information  to  the  columns  of  the  technical 
press,  especially  so  to  that  excellent  and  instructive  American  journal 
"  Ice  and  Refrigeration,"  which  has  now  had  a  well-deserved  successful 
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career  extending  over  a  number  of  years.  He  has  also  availed  him- 
self  of  the  information  contained  in  several  valuable  papers  read 
before  scientific  societies  both  in  this  country  and  abroad,  as  well  as 
that  derived  from  other  sources,  due  acknowledgment  whereof  he  has 
endeavoured  to  make  in  each  case  in  the  body  of  the  book. 

He  takes  this  opportunity  of  expressing  his  sincere  thanks  and 
obligations  to  Mr.  G.  J.  Wells,  W.Sc,  A.M.I.C.E.,  for  his  valuable 
assistance  in  revising  the  chapter  devoted  to  the  theory  of  Refrigeration, 
a  task  for  which  his  scientific  attainments  render  him  specially 
qualified. 

In  conclusion,  the  Author  has  to  gratefully  acknowledge  the 
courtesy  of  the  Manufacturers  of  machinery  and  appliances  who  have 
afforded  him  particulars  of  their  various  specialities. 

A.  J.  WALLIS-TAYLER. 


99,  Belsize  Road,  London,  N.W. 
Alarch,  1902. 
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CHAPTER  I. 
INTRODUCTION. 

Origin  of  Artificial  Refrigeration. — History  and  Progress  of  the  Trade  in  Fresh 

Provisions. 

Although  refrigeration  and  the  production  of  ice  by  artificial  means 
is  said  to  have  been  known  to,  and  practised  by,  the  Ancients,  it  is  only 
in  comparatively  recent  times  that  improved  systems  and  apparatus 
have  enabled  operations  to  be  carried  out  profitably  on  a  commercial 
scale,  and  have  rendered  possible  the  numerous  manufacturing  and  in- 
dustrial applications  now  made. 

In  addition  to  the  employment  of  mechanical  refrigeration  for  the 
manufacture  of  ice,  more  durable,  and — by  reason  of  the  known  purity 
of  the  water  congealed — more  palatable  and  sanitary  than  the  natural 
product;  to  its  extensive  use  for  the  freezing  and  chilling  of  freshly 
killed  meat  in  abattoirs ;  and  to  its  application  to  the  cooling  of  stores 
OT  chambers  for  the  preserv^ation  of  meat,  fowl,  fish,  fruit,  vegetables, 
and  other  provisions  of  a  perishable  nature;  mechanical  refrigera- 
tion is  now  commonly  employed  in  a  number  of  different  manufactur- 
ing processes,  brief  descriptions  of  the  most  important  of  which  appli- 
cations will  be  found  in  a  chapter  devoted  to  this  subject. 

The  trade  in  fresh  provisions  is  one  that  during  the  last  few  years 
has  made  enormous  strides,  and  at  the  present  time  vast  quantities  of 
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Trozen  carcasses,  ajid  of  fish,  fruit:,  vegetables,  ami  milk  are  being  im- 
ported into  this  country. 

Space  does  not,  unfortunately,  admit  of  entering  into  any  lengthy 
account  of  the  history  of  this  trade,  which  is  one  of  great  interest,  or  of 
giving  lengthy  statistics  relative  to  the  constantly  increasing  amounts  of 
these  imports ;  the  full  figures  can,  however,  readily  be  got  from  a 
variety  of  sources  by  anyone  interested  therein,  and,  moreover,  they 
hardly  come  within  the  province  of  a  book  purporting  to  be  devoted 
to  a  description  of  the  various  machines  and  appliances  adapted  for  re- 
frigeration and  ice-making.  The  following  however  are  a  few  of  the 
leading  facts  and  figures: — 

Meat  frozen  by  a  Harrison  ether  machine  was  shipped  from 
Melbourne  on  the  zjrd  July,  1873,  arriving  here 
i8th  October,  but  turned  out  a  failure.  In  1875  and  1876 
frozen  meat  was  brought  over  from  America.  The  first  cargo 
of  frozen  meat  was  successfully  brought  to  thLs  countrj'  from  Aus- 
tralia in  the  year  1880,  in  the  Strathleven,  which  is  said  to  have 
fitted  with  a  Ben-Coleman  cold-air  machine,  and  this  was  quickly  followed 
by  another  consignment  in  the  Prolos,  refrigerated  by  means  of  a  cold-aJr 
machine  of  the  Lightfoot  pattern.  On  October  slh  of  the  same  year 
the  steamship  Orient  arrived  at  London  with  a  cargo  of  frozMi  mea^ 
she  bring  also  fitted  with  refrigerating  apparatus  on  the  cold-air  prin- 
ciple, in  this  instance  one  of  Haslam's  patent  dry-air  refrigerators 
being  employed,  which  worked  without  interruption  during  the  entire' 
voyage  of  six  weeks'  duration.  On  the  26th  September,  in  the  succeed- 
ing year,  the  clipper  ship  Matanra,  also  fittevl  with  a  Haslam  patent 
cold-air  machine.  arri\ed  with  a  cargo  of  frozen  meat  from  Ne* 
Zealand. 

Such  were  the  commencements  of  the  trade  in  refrigerated  mea^ 
and  it  has  so  rapidly  advanced  that,  in  mutton  and  lamb  from  a  few 
(400)  hundred  carcasses  in  1880,  it  had  risen  to  6,869,419  carcasses  ii 
~n  1900,  however,  the  imports  fell  short  of  those  of  the  pre 

s  year  by  435.598  carcasses,  the  total  being  6,433,8^1,  the  first  tinM 

e  the  commencement  of  the  trade  that  there  had  failed  to  be  a  con 
siderable  increase  in  (he  aggregate,  as  will  be  seen  from  the  followiiq 
table  compiled  from  statistics  published  by  Messrs.  VVeddel  and  Co.  ^ 
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Yearly  Imports  of  Frozen  Mutton  and  Lamb  from  Commence- 
ment OF  the  Trade  to  31ST  December,  1900. 


Year. 


1880 
I88I 
1882 
1883 
1884 
1885 

r886 

1887 
1888 
1889 
1890 
1891 
1892 

1893 

1894 

1895 

1896 

1897 
1898 
1899 
1900 


Australia. 


400 

17,275 

57,256 

63.733 

>II,745 

95.05  > 
60,960 

88,811 

112,214 

86,547 
207,984 

334,684 

504,738 
636,917 

939,360 
1,005,503 
1,643.243 
1,407,417 
1,248,653 
1,204,601 

943.924 


New  .    FalUand 

Zealand.       \    Islands. 


River  Plate. 


8,839 
120,893 

412,349 
492,269 

655,888 
766,417 

939,231 
,068,286 

,533,393 
,894,  'OS 
,539,605 

,857,598 
,958,259 
2,412,331 
2,211,895 

2,703,845 
2,784,101 

3,250,100 

3,157,060 


30,000 
45.552 


10,168 
18,897 
17,818 

'6,425 
11,675 

19.-138 

24.074 
26,275 

20,000 


17,163 
108,823 

190,57* 
434,699 
641,8^)6 

924,003 
1,009,936 

','95,531 
811,135 

1,247,861 

',373,723 
1,414,815 

',t>'5,795 
1,768,206 

2,095,196 

2,397,437 
2,394,718 


Totals. 


400 

'7,255 
66.095 

201,791 
632,917 

777,89' 

',187.547 
1,542,646 

',975,448 
2,164,769 
2,948,076 
3,058,823 
3.310,022 
3,884,663 
4,324.  IOt> 

5,053,367 

5,647.4«8 
^232,733 
6,430,091 
6,869,419 
6,433,821 


The  total  weight  of  frozen  beef  received  into  the  United  Kingdom 
in  1900  was  56,831  tons,  as  compared  with  44,200  in  1899,  and  there 
has  been  a  steady  increase  in  the  amounts  of  Australian,  New  Zealand, 
and  River  Plate  frozen  bpef,  United  States  and  Canadian  chilled  beef, 
and  Continental  fresh  killed  beef  imported  into  this  countr)-  for  the 
last  ten  years,  as  will  be  seen  by  the  following  table  drawn  up  by 
Messrs.  Weddel  and  Co. : — 


1891          1892 

1893 

1894 

1895 
Cwts. 

1896    '    1897 

1898     !      1899     1      1900 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts.       Cwts. 

1                  1 
Cwts.      Cwts.    1   Cwts. 

Queen  slaad... 

40,85a      54,000 

206,783     286,806 

358.814 

449,911     497,0*^ 

483.032     5«3,225     365,899 

New  Sooth  \ 
Wales  and 
\'ictoria        ; 

1 

765        2,568 

4,200 

15,090     126,567 

45,024       63,740 

48,619:      95»99'       29,292 

1 

1 

1 

New  Zealand 

107,433'     62,065 

14,485;       8,309 

x,747,578|«,95i,8«7 

14,706 

2,617.      16,317       2^,803       73.4»«> 

92,756     130,427     329,467 

Kiv-er  PUte... 

35383 
1,489,949 

5,270       23,446       50,005'      84.6C7 

io8,28J'l    150,368     411,962 

Tnited  States 

i,77S,5a8  1,649,473,2,074,644  2,242,063 

2,301,956  2,756,796.2,867,238 

Canada 

a87           154 

40 

8,121 

9.»»Oi        5,774 

2»,543 

90,238;      45,084 
61,577       79,368 

<  Continent,  &c. 

9.113]          654 

56.947 

18,705 

7,829 

2,034;      43,618 

44,427 

Totals 

1,920,511  2,079,63?  i#8o8.o52 

i 

2,104,065  2,190,567  2,659,700  3,010,377 

1                I                ' 

!                 1                  ' 
3.100,221  3,802,622  4,128,31c 

i                 1 
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The  traile  in  frozen  rabbits  has  also  attained  to  considerable  dimen- 
sions, and  in  the  year  1900  36,823  crates,  containing  917,142  rabbits, 
were  sent  to  this  country-  from  South  Australia. 

In  1886  the  steamship  Nonpareil  (Scrutton,  Sons  and  Ca),  which 
had  been  fitted  for  the  purpose  with  a  Haslam  dry-air  refrigerator 
brought  to  this  country  the  first  cargo  of  West  Indian  fruit;  and  early 
in  1888  a  cargo  of  apples  was  shipped  from  Melbourne  in  the  Oceana, 
in  chambers  also  cooled  by  a  Hasiam  machine,  both  cargoes  arriving  in 
good  condition.  Subsequently  many  of  the  ships  belonging  to  the 
Peninsular  and  Oriental  Steamship  Company,  and  others,  were  fitted 
up  for  this  trade,  and  quite  recently  four  fine  steamers,  with  which 
Messrs.  Elder,  Dempster,  and  Co.  ha\e  inaugurated  the  Imperial  West 
India  Direct  Mail  Sendee,  have  been  specially  adapted  for  the  trans- 
port of  large  quantities  of  bananas  from  Jamaica,  a  task  which  has 
lieen  succe.ssfuliy  performed.  The  method  adopted  is  to  circulate 
through  the  insulated  holds  of  the  vessel  air  which  has  been  purified 
and  cooled  in  the  course  of  its  passage  over  a  specially  constructed 
cooler,  through  which  cold  brine  is  circulated  by  means  of  pumps,  and 
every  precaution  is  taken  to  maintain  an  equ^le  temperature  of  40  to 
45  degrees  Fahrenheit  during  the  voyage. 

Besides  this  there  is  now  quite  a  large  trade  in  Australian  and 
Canadian  apples,  about  230,000  cases  being  shipped  in  1900 
from  Tasmania  alone,  and  one  in  soft  fruits,  such  as  pears,  peaches, 
and  grapes,  is  in  a  fair  way  to  become  also  established. 

In  1893  a  considerable  import  trade  in  milk  had  already  arisen; 
one  firm  alone,  in  1894,  regularly  sold  500  gallons  of  foreign  milk 
daily,  and  thousands  of  gallons  of  foreign  cream  were  likewise  im- 
ported into  this  country  within  the  same  period,  to  be  used  for  butter- 
making.  The  bulk  of  this  milk  is  shipped  to  London  from  Gothen- 
burg by  steamer,  having  been  frozen  chiefly  by  refrigerating  machines 
on  the  ammonia  compression  principle,  and  costing,  it  is  stated,  25  per 
cent  less  than  English  milk. 

Large  quanrities  of  butter  are  brought  over  from  Denmark  and  the 
Baltic,  Messrs.  Thos.  Wilson,  Sons,  and  Co.  alone  having  seven 
steamships  fitted  up  with  refrigerating  machinery  for  the  butter  trade, 
and  one  firm  of  refrigerating  engineers  (Messrs.  J.  and  E.  Hall, 
Limiteil),  ha^e  fitted  up  thirty  steamers  with  refrigerating  install ationsi 
for  the  same  trade.  The  amount  of  butter  imported  into  the  United: 
Kingdom  from  Victoria,  in  1900,  was  26,185,679  lbs.,  that  from  New 
South  Wales  8,727,600  lbs.,  and  large  quantities  of  butter  and  cheese 
are  likewise  brought  over  from  Canada. 
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All  these  provisions  can  now  be  brought  to  this  country  in  excellent 
condition,  the  chief  dangers  of  deterioration  being  from  hurried  and 
consequently  careless  stowing,  from  bumps  and  bruises  caused  by  rough 
and  unskilled  handling,  and  from  exposure  to  higher  temperatures  dur- 
ing transit  from  the  vessel  to  the  cold  stores  on  land,  and  subsequent 
distribution  by  road  or  rail  to  the  retailers. 

There  are  at  the  present  time  upwards  of  130  cold  stores  and 
ice  factories  in  the  United  Kingdom.  The  total  number  of  firms  now 
engaged  either  as  makers  of  refrigerating  machinery,  manufacturers  of 
ammonia,  carbonic  anhydride  and  other  refrigerating  mediums,  pro- 
prietors of  cold  stores,  importers  or  manufacturers  of  ice,  etc.,  is 
upwards  of  1,300.  On  the  Continent  there  are  about  4,400  firms 
directly  interested  in  refrigeration,  and  in  America  some  5,600,  whilst 
spread  over  China,  Japan,  Java,  India,  Ceylon,  the  Malay  Peninsula, 
the  Philippine  Islands,  Siam,  East,  West,  and  South  Africa,  Australia, 
New  Zealand,  Egypt,  and  Algeria  are  about  1,500  more.  Making  a 
grand  total  of  1 2,800.  There  are  besides  many  butchers,  fishmongers, 
hotd  propMietors,  and  others,  who  have  small  cold  stores  cooled  by 
refrigerating  machinery  and  by  ice. 

The  number  of  vessels  fitted  up  with  refrigerating  installations,  and 
specially  designed  for  the  frozen  meat  trade  is  now  137,  estimated  to 
have  a  carrv'ing  capacity  of  7,184,290  56-lb.  carcases. 
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CHAPTER  II. 

THE  THEORY  AND  PRACTICE    OF    JIECHANICAL 

REFRIGERATION. 

Relation  to  first  two  Laws  of  Thermo-dyn amies. — Definition  of  Heal. — Specific  Heal. 
— Latent  Heat.— Mechanical  EquivBlent  of  Hent.~  Calculations  made  with 
respect  to  Heal.— Temperatare. — Laws  of  Gases.— Construction  of  Chart  ap- 
plicable to  any  value  of  i». — Work  demanded  of  a  Refrigerating  Machine. — 
Greatest  Theoretical  ERidency  ofn  Kefrigeiatiug  Machine. 

The  theory  and  practice  of  mechanical  refrigeraticm  are  baseJ  upon 
the  two  first  laws  cif  thermo-dyn amies — that  is  to  say,  first  that  mechani- 
cal energy  is  convertible  into  heat,  and  vice  versS,  and,  second,  that  an 
external  agent  is  necessary  to  enable  heat  to  pass  from  a  cold  to  & 
heated  body. 

The  above  fact  very  naturally  leads  us  to  inquire  what  heat  really 
is,  and  here  we  are  confronted  with  a  question  by  no  means  easy  to 
answer  correctly.  AccLirding  to  the  well-known  and  generally  accepted 
definition  of  text  books,  the  answer  to  the  question  is  that  heat  is  a 
mode  of  motion.  A  more  satisfactory  statement  as  to  tho 
nature  of  heat,  however,  is  that  it  is  a  form  of  moJecular 
energy.  This  theory  is  the  result  of  a  series  of  observations 
made  by  Benjamin  Thompson,  better  known,  perhaps,  as  Count  Rum- 
ford,  in  the  year  1798,  and  also  by  Sir  Humphrey  Da\T.  in  the  year 
J  799,  the  definition  having  been  finally  arrived  at,  and  accepted  by,  the 
former  eminent  scientist  in  i8ij.  It  is  an  unfortunate  circumstance, 
but  nevertheless  a  true  one,  that  even  the  most  gifterl  amongst  scientific 
men,  in  endeavouring  to  penetrate  the  secrets  of  nature,  are,  after  all  is 
said  and  done,  but  groping  blindly  in  the  dark,  and  the  fallacy  of  but 
too  many  of  our  scientifir  definitions  is  a  truth  patent  to  all  who  give 
the  subject  any  serious  consideration.  This  is  a  fact  fully  recognised 
by  most  eminent  teachers ;  but  notwithstanding  this,  the  erroneous  defi- 
nitions are  allowed  to  stand  unchallenged  for  want,  doubtless,  of  more 
accurate  ones. 

In  the  case  of  heal,  the  b.^fore-mentionetl  esperiments  had  appa- 
rently shown  that  heat  was  not  a  substancf,  as  ha<]  been  ihimght  by 
previou-ii  nuihnrities,  and  therefore  it  was  accepted  without  dispute, 
in  order  to  secure  a  plausible  definition,  as  being  a  mode  of  motion. 
In    a  very    interesting   [japer   by    Doctor    Krnst    Mach,    Professor  of! 
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Physics  in  the  University  of  Prague,  which  appeared  in  the  Monist  of 
October,  1894,  the  absurdity  of  many  of  the  universally  accepted 
theories  is  clearly  demonstrated,  and  with  reference  to  thermo-dyn amies, 
he  remarks  that,  as  it  has  been  shown  that  heat  is  not  a  substance,  the 
usually  accepted  theory  is  that  it  is  a  mode  of  motion.  This,  however. 
Dr.  Mach  proves  not  to  be  true.  In  an  able  article  upon  the  fallacy 
of  scientific  definitions  published  in  the  Engineer  of  October  12th, 
1894,  the  writer,  after  referring  to  the  fact  that  the  exact  nature  of 
heat  is  as  yet  absolutely  unknown,  truly  observes  that  heat  really 
behaves  sometimes  like  a  substance  and  sometimes  not. 

Modem  physicists  assume  heat  to  be  not  a  material  but  a  state. 
All  bodies  are  built  up  of  very  large  numbers  of  extremely  minute 
particles,  known  as  molecules,  which  have  a  mutual  attraction  the  one 
for  the  other,  which  attraction  is  more  or  less  great  in  solid  matter, 
lesser  in  liquid  matter,  and  actually  resolves  itself  into  a  repulsion  in 
gaseous  matter.  These  molecules  are  supposed  to  be  in  a  state  of 
perpetual  movement  or  vibration,  except  in  the  case  of  bodies  which 
are  absolutely  cold,  and  the  temperature  of  a  body  is  governed  by  the 
rate  of  this  vibration,  the  more  rapid  the  vibration  the  higher  the  tem- 
perature. Every  molecule  possesses  a  certain  definite  weight,  and 
owing  to  its  motion  must  have  a  certain  amount  of  kinetic  energy,  so 
that  according  to  this  heat  is  really  a  kind  of  energy,  and  not  a  sub- 
stance. Both  heat  and  mechanical  energy  are  mutually  convertible, 
and  besides,  for  each  unit  of  heat  expendeil  or  produced,  a  definite 
amount  of  mechanical  work  must  be  produced  or  expended. 

Lord  Annstrong  said :  "  According  to  the  new  theory,  heat  is  an  in- 
ternal motion  of  molecules,  capable  of  being  communicated  from  the 
molecules  of  one  body  to  those  of  another ;  the  result  of  this  imparted 
motion  being  either  an  increase  of  temperature  or  the  performance  of 
work.  Clausius  states  that  heat  cannot  be  communicated  from  a  cold 
body  to  a  hotter  one  without  compensation.  According  to  Tyndall 
heat  is  not  matter,  but  an  accident  or  condition  of  matter,  namely,  a 
motion  of  its  ultimate  particles.  Maxwell  says  that  heat,  considered 
with  respect  to  its  power  of  warming  things,  and  changing  their  state,  is 
a  quantity  strictly  capable  of  measurement,  and  not  subject  to  any  varia- 
tion in  quality  or  kind.  Balfour  Stewart  says  that  when  air  is  com- 
pressed, the  rise  of  temperature  is  scarcely  at  all  due  to  the  mere 
diminution  of  the  distance  between  the  particles,  hut  almost  entirely  to 
the  mechanical  effect  which  must  be  spent  on  the  air  before  the  con- 
densation can  be  pro<luced." 

It  may  here  be  remarked  that  the  word  heat  is  very  commonly  em- 
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ployed  in  a  veiy  loose  manner,  and  the  fact  that  two  quite  distinct 
meanings  may  attach  themselves  to  it  is  either  forgotten  or  ignored, 
vii.,  "  temperature  "  and  "  quantity  of  heat,"  which,  whilst  closely  con- 
nected with  one  another,  are  nevertheless  entirely  different.  For 
example,  we  may  have  two  vessels  of  largely  varj'ing  dimensions  con- 
taining water  at  exactly  the  same  temperature,  whilst  the  quantity  of 
heat  in  the  larger  vessel  may  be  double,  treble,  or  more,  of  that  in  the 
other  or  smaller  one. 

Specific  heat  is  defined  as  being  that  amount  of  heat  necessary-  to 
raise  the  temperature  of  a  body  of  a  unit  weight  i°.  The  unit  of 
measure  is  that  quantity  of  heat  that  is  necessary  in  order  to  raise  the 
unit  wright  of  water  through  i°,  at  its  temperature  of  maximum 
density  39-4''  Fahr.  If  equal  weighu  of  different  bodies  are 
raised  the  same  number  of  degrees  of  temperature,  each  one 
takes  up  a  different  amount  of  heat,  moreover  the  specific 
heat  of  the  same  substance  differs  in  accordance  with  its  state,  i.t., 
whether  it  be  solid,  liquiJ,  or  gaseous,  and  under  varying  conditions  of 
temperature  and  pressure,  increasing  invariably  with  an  increase  of 
temperature  or  pressure.  The  specific  heat  of  water  is  exceeded  by 
but  few  bodies,  and  the  variation  thereof  at  different  temperatures  is 
so  small  as  to  be  unworthy  of  notice.  The  specific  heat  of  water  is 
therefore  taken  as  the  standard  of  comparison,  and  is  represented  by 
uruty.  It  is,  however,  a  quantity  increasing  with  the  temperature;  for 
example  at  the  temperalure  of  maximum  density  39^  Fahr,  to 
40°  Fahr.,  it  is  exactly  unity,  at  104°  Fahr.  it  is  fooia,  and  at  sis', 
Fair,  it  is  i'O05. 

Latent  heat,  the  existence  of  which  was  first  discovered  by  Dr. 
Black  in  1762,  is  the  heat  that  is  absorbed  by  bodies  when  passing 
from  one  stale  to  another.  Latent  heat  has  been  thus  clearly  and  con- 
cisely defined  by  Balfour  Stewart,  in  his  "  Treatise  on  Heat " : — 
"  Latent  heat  is  the  heat  which  is  absorbed  by  bodies  in  passing  from 
one  state  to  another,  but  it  does  not  manifest  itself  by  producing  an 
increase  of  temperature,  and  is  on  this  account  c ailed  latent 
heat.  ■  ,  .  A  pound  of  water  at  212",  mixed  with  a  pound  of  water 
at  32*^,  gives  2  lbs.  of  water  at  1 22",  the  mean  of  the  two  components ; 
if,  however,  a  pound  of  ice  at  32'^  be  mixed  with  a  pound  of  water  at 
212^',  we  have  2  lbs.  of  water  at  51°  only.  .  .  .  The  difference  being 
equal  to  that  required  to  raise  zlbs.  of  water  through  a  range  of  71° 
....  representing  the  heat  required  to  liquefy  i  lb.  of  ice," 

Joule's  mechanical  equivalent  of  heat  equals  772  ft. -lbs.  That  is 
to  say  that  heat  demands  for  its  production,  and  produces  by  its 


its  dis-   W 
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appearance,  772  ft.-lbs.  for  each  unit  of  heat.  The  experiments  by 
which  Joule  determined  the  above  equivalent  were  conducted  by  means 
of  a  failing  weight,  which  actuated  an  agitator  or  paddle-wheel  placed 
in  water,  the  friction  caused  by  a  weight  of  i  lb.  falling  through  a  dis- 
tance of  772  ft,  or  of  a  weight  of  772  lbs.  falling  through  a  distance  of 
I  ft,  being  found  sufficient  to  heat  1  lb.  of  water  1°  Fahr. 

The  method  of  conducting  the  experiment  consisted  in  first  winding 
up  the  weight  until  it  was  at  the  top  of  a  scale,  the  temperature  of  the 
fluid  (water,  oil,  mercury,  etc.)  being  then  noted,  and  the  weight  al- 
lowed to  fall  through  a  certain  distance  and  the  temperature  again 
noted.  If  then  W  be  the  weight  in  lbs.,  and  H  the  height  through 
which  the  weight  has  fallen  in  feet,  W  x  H  will  be  the  number  of  foot- 
pounds of  work  that  have  been  performed  by  the  falling  weight.  And 
if  Of  X  J  be  the  weight  of  the  fluid  multiplied  by  its  specific  heat,  A  be 
the  initial  temperature  of  the  fluid,  and  /,  be  its  final  temperature, 
w  y,  s  [it  —  /,)  will  be  the  number  of  heat  units  imparted  to  the  fluid 
by  the  fall  of  the  weight.  Taking  J  (usually  known  as  Joule's  equiva- 
lent) to  denote  the  number  of  foot-pounds  required  to  produce  one  heat 
unit,  or  the  mechanical  equivalent  of  heat,  we  have  therefore : 


a/  X  X  (/a  —  /i) 

This  is  what  is  generally  called  the  first  law  of  thermo-dynamics, 
viz,,  heat  and  mechanical  energy  are  mutually  convertible,  and  heat 
requires  for  its  production  or  produces  by  its  disappearance,  mechani- 
cal energy  in  the  proportion  of  772  ft.-lbs.  for  i  unit  of  heat. 

This  value  has  been  used  universally  for  many  years,  being  even 
now  that  most  commonly  employed.  Recent  investigators,  however, 
have  conclusively  shown  that  the  above  is  too  small,  and  various  values 
varying  up  to  778  ft -lbs.  are  used. 

Calculations  made  with  respect  to  heat  entail  the  use  of  the  terms 
absolute  pressure  and  temperature. 

The  first  of  these,  or  absolute  pressure,  is  pounds  per  square  inch 
above  a  vacuum.  Hence,  as  the  zero  on  a  steam  pressure  gauge  re- 
presents atmospheric  pressure  it  will  be  necessary  to  add  14*7  lbs.  to 
any  particular  gauge  pressure  to  convert  it  into  absolute  pressure. 

Temperature  is  a  term  which  implies  that  degree  of  sensible  heat 
which  a  body  possesses  when  compared  with  another  body.  The  zero 
upon  the  Fahrenheit  thermometrical  scale  is  an  arbitrary  zero  or 
starting  point,  adopted  because  the  real  zero  was  unknown  ;  recent 
experiments  place  it  at  — 459*13^  Fahr.     On  both  the  Centigrade  and 
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Reaumur  Scales  the  two  fixed  points  are  the  temperatures  of  melting 
ice,  and  boiling  water  under  a  pressure  due  to  that  of  the  stanilard 
atmosphere.  A  degree  is  obtained  by  dividing  the  interval  be 
these  points  into  j8o  in  the  oase  of  the  Falu^siheit,  loo  in  the  case  (rf 
the  Centigrade,  and  80  in  the  case  of  the  Reaumur,  equal  dii-isions  on 
the  three  scales,  the  bore  of  the  tube  being  assumeil  to  be  uniform  and 
the  expanMOn  of  the  glass  neglei'ta.i.     Thus  the  alisolute  tein|)eratiire 


Llinary  themiometrical 
be  ^2°  Fahr.  then  the 
31"  459"  13  were  it  zero  ' 


of  a  body  is  that  f>f  absolute  zero  added 
temperature  therei>f.     For  instance,  if  the  latter 
absolute  temperature  would  be  49ri3'' Fahr,,  i 
Fahr.  on  the  thermometer. 

The  laws  of  gases  may  be  concisely  slated  as 
P  V  =  RT: 
Where  P  =  pressure 
V  =  volume 

R  =  constant  (depending  u]y 
T  ^  absolute  temperature 
=  (T  +  459-I3*)  on  Fahi 
The  equation  may  be  put  as  follows  : 
P  V    _ 

If  temperature  remains  constant  then 

P  V  =  d  constant. 

And  in  this  form  is  the  algebraical  representation  of  Boyle's 
Marriotte's  law,  usually  ex^wessed  in  wonls  thus:  If  the  temperature 
remain  constant  then  the  volume  of  any  given  quantity  of  gas  will  be 
in  the  inverse  ratio  to  tJie  pressure  which  it  sustains. 

The  volume  remaining  constant  then 

V 

-=^  =.  a  constant 


Which  is  the  symbolic  expression  c£  Charles'  ajid  Gaj 
laws  (laws  of  expansitwi).  Charles'  law  may  be  orattd  tht 
constant  pressure  all  gases  expajid  alike. 


LussacV 

i:  Under 


P  V  =  constant, 
1  cases  where  the  charge  of  volume  takes  plai 


at  constant  lem* 


•  Figures  pi-en  by  Prol 
lount  geoeially  Inkea. 


>r  Clerk  hTaxwcll  in  hii. 
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perature,  then  it  is  said  to  be  isothermal  expansion  and  «  =  i.     The 
curve    connecting     pressure     and        y 
volu  me   is  an  hyperbola,  and  con- 
sequently  it   is  occasionally  called 
hyperbolic  expansion. 

If  the  working  medium  or  agent 
expand  without  receiving  or  giving 
up  any  heat  from  or  to  external 
bodies,  it  is  said  to  expand  adiaba- 
tically,  the  curve  of  expansion  is 
adiabatic  and  n  =  ratio  of  specific 
heat  at  constant  pressure  to  the 
specific   heat  at   constant  volume, 

which  for  air  =  1*408,  or  Fijj.  i.— Diagram  showing  method  of 

construction  of  curve  PV"  =  constant. 

p  V»W8  =  constant. 

This  particular  ratio  is  usually  denoted  by  y,  or 

P  V^  =  constant. 

To  construct  the  curve  P  V  "  =  constant. 

When  «  =  I  then  for  a  given  series  of  values  of  V  it  is  easy  to 
calculate  the  corresponding  values  of  P,  but  for  any  other  value  of 
Tiy  it  is  necessary  to  use  logarithms,  thus  : 

log.  P  +  «log.  V  =  log.  C;         .         .         .         (i) 

Put  log.  P  =  J  ;  log.  V  =  jc,  and  log.  C  =  X',  then  equation  (i)  may 

be  written : 

y  •\'  nx  z=.  kj 

which  is  the  equation  to  a  straight  line. 

In  Fig.  I  take  the  point  R  in  the  straight  line  A  B,  then  C  R  =  O  D 
=  ^j,  and  R  D  =  O  C  =  y\'y  then  from  the  figure  we  have — 

O  A  RD  __  O  A  _  R  D 

C  R       C  R  ' 


O  A 
OB 


AC       O A  - C  O 


CR 


C  R 


C  R 


R  D  +  S-4 .  C  R  =  O  A 


O  B 

or,  J,  +  fi^^'x  =  k ; 

and  similarly  for  any  other  point  (xy)  in  the  line  it  may  be  shown  that — 

y  +  nx  =  k. 
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AJso  let  the  angle  ABO 


:  D,  then  it  =  t 


iD  : 


OI 


whilst  c 


In  Fig.  z  let  A'  R'  B'  be  the 
curve  P  V-  =  C,  then  if  C  R  =log. 
C  R'  and  D  R  =  log.  D'  R',  then 
all  points  such  as  R  will  lie  on  a 
straight  line  \  B,  and  A  0  = 
AO 

__  ''bo""- 

Upon  these  principles  Professoi 

j^       D.  A.  Low  has  Revised  the  following 

ticilKxl  of      general  method  applicable   to  any 

n-siani.  value  of  n,  which  avoids  the  ( 

tinua!  use  of  a  table  of  logarithrus. 
For  this  purpose  a  chart  is  constructed  (see  Fig.  3),  which  may 
be  considered  divided  up  into    four  parts    by    the  Unes    X,    X,   and 

,  Y.  Volumes  are  measured  along  0  X,  pressures  along  O 
as  usual,  so  that  the  top  right-hand  comer  is  the  cune  P  V'  =  con- 
stant. Log.  P  is  measured  along  O  X„  and  log.  V  along  O  Y,. 
ve  is  drawn  in  the  top  left-hand  corner  such  that  any  point 
Q  in  it,  satisfies  the  conditions  Q  S  =  P.  and  Q  T  =  log.  P. 
Similarly  in  the  right-hand  lower  comer  is  a  second  curve  in  which  any 
point  K,  must  satisfy  the  conditions  K  L  =  V,  and  K  M  =  log.  V. . 
These  curves  will  be  used  for  con  struct!  on  al  purposes  and  should  be 
carefully  drawn. 

Lei  A  (Fig.  3)  be  a  point  in  the  curve  P  V  =  C,  and  also  that  n 
the  value  i'4,  the  pressure  at  A  being  140  lbs.,  and  the  value  10  units. 
Then  project  a  vertical  line  downwards  to  meet  the  V  log.  V  curve  at  a, 
and  a  line  horizontally  to  meet  the  P.  log.  P  curve  at  a'.  From  a 
fall  a  perpendicular  to  meet  a  horizontal  line  through  a,  at  a".  Join 
the  point  i'4  on  scale  of  log.  P  to  I'o  on  scale  of  log.  V  and  through  a' 
draw  a  line  paralle!  to  this  line.  Next  select  some  point,  say  b",  and. 
project  vertically  and  horizontally,  obtaining  the  points  b'  and  b„,  a 
projecting  horizontally  and  vertically,  and  their  intersection  B  is  a- 
point  on  the  curve  requiredi  repeat  this  process  for  as  many  points  aS 
may  be  required.  All  this  process  requires  is  the  use  of  a  tee  square  and. 
set  square ;  and  in  practice  if  the  two  curves  are  constructed  once  for  a3' 
and  the  construction  performed  upon  a  piece  of  tracing  paper,  the 
original  can  lie  then  preserved  uninjured.  The  converse  problem  c 
be  solved,  viz.,  if  a  curve  U  V  be  given  to  find  the  nearest  value  of « 
the  equation  P  V"  =  C.     In  this  case  take  a  number  of  points,  1,  3,  ^ 
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&C.,  and  draw  the  straight  line  u*  v"  through  Ihera,  and  through  the 
point  I'o  (in  log.  V)  draw  a  parallel  line  to  u"  z/',  to  intersect  log.  P 
scale  (O  Xi),  then  the  reading  in  this  example  08  nearly.  So  that  the 
equation  to  the  curve  U  V  is  P  V  '^^   =1313. 

The  work  demanded  of  a  machine  of  any  kind  whatsoever  intended 
for  effecting  mechanical  refrigeration  is  to  reduce  the  temperature  of 
any  given  matter  to  the  desired  point  as  compared  with  the  surrounding 


Fig.  3. — Construction  of  Chart  applicable  to  any  value  of  rt. 


matter,  and  to  maintain  it  subsequently  at  or  near  this  point,  for  natu- 
rally, were  two  bodies  having  different  temperatures  placed  either  in 
actual  contact  or  in  sufficiently  close  proximity  to  one  another,  their 
temperatures  must  infallibly  become  equalized  sooner  or  later,  if  no 
means  be  employed  to  permanently  keep  up  the  difference.  It  may 
here  he  noted  that  the  theoretical  cycle  of  a  perfect  refrigerating 
machine  is  precisely  the  opposite  to  that  of  a  perfect  heat  engine.  In 
the  first,  heat  goes  in  at  a  low  temperature  and  passes  out  at  a  more 
devated  temperature,  to  render  which  action  possible  certain  work  has 


» 


I 


refri(;p:katiox  axd  corn  storage. 

e  effectej  upiiii  it.     In  the  sei-oud,  heat  derived  from  sume  external 

ce  at  an  elevated  temperature,  is  given  out  at  a  lower  temperature, 
a  greater  or  lesser  amount  of  mechanical  work  bdng  producer]  by  it 
during  its  faJl. 

When  a  gas  is  compressCLl  the  temperature  rises.  When  a  gas  is 
allowed  to  expand,  the  work  it  performs  is  done  at  the  expense  of  its 

;  of  heat.  If,  therefore,  some  gas,  say  air,  be  compressed  its 
temperature  will  increase,  and  some  of  its  heat  will  be  able  to  flow 
into  any  surrounding  bodies  at  a  lower  temperature,  and  in  cold  air 
machinery  air  is  compressed,  and  then  coolesj  by  passing  through 
water  at  a  lower  temperature,  which  reduces  the  temperature  to  about 
its  original  amount  before  compression.  Now  if  this  air  be  allowed 
>  expand  again  until  its  original  pressure  is  regaineii,  the  work  so 
done  will  be  performed  at  the  e\pefise  of  its  reduced  stock  of  heat, 
so  that  the  air  will  have  lost  a  large  portion  of  its  heat  in  the  process, 
which  will  result  in  a  great  reduction  of  temperature,  thereby  giving  rise 
to  that  negative  ronditiim  known  as  cold. 

It  may  be  here  mentioned  that  the  phrase  commonly  used,  "  heal 
is  gMterated  by  comjiression,"  is  somewhat  misleading,  because  the 
amount  of  heat  in  the  Univeise  is  a  fixed  quantity,  and  the  intrinsic 
energy  possessed  by  any  gas  is  imder  given  conditions  a  quanrity  that 
can  be  accurately  calculated.  Thus  if  a  pound  of  air  at  a  temperature 
of  70  degrees  Fahrenheit,  and  at  normal  atmospheric  pressure  be  taken 
as  an  example,  the  total  quantity  of  energy  it  possesses  is  at  once 
known.  If  this  air  be  placed  in  a  compress()r  and  its  v<)lume  be 
reduced  to  say  one  half  of  its  original  volume,  and  if  this  be  done 
so  rapidly  that  there  is  no  time  for  heat  to  escape  at  the  end  of  the 
compression,  that  is  to  say  adiabatically  or  instantaneous  compression 
without  transmission  of  heat,  then  its  energy  will  have  been  increased 
by  the  amount  of  work  done  upon  it.  Its  statical  pressure  will  be 
increased,  and  its  temperature  will  also  have  risen,  by  reason  of  its 
changed  state  or  conditiim  internally,  are!  the  theta-phi  diagram  for 
the  two  conditions  would  show  this  more  clearly  than  any  other  known 
method.  Now  if  the  temperature  be  reduced  to  its  former  amount, 
that  is  to  say  to  70  degrees  Fahrenhrat,  its  \oiunie  will  contract,  so 
that  a  small  additional  quantity  of  air  will  have  to  be  forced  in  in 
(wder  that  the  pressure  may  remain  unchangeil  as  the  temperature  is 
reducetl.  It  will  be  seen  that  there  will  be  now,  consequently  upon 
the  above,  rather  more  than  a  pound  of  air  to  deal  with  at  the  higher 

I  pressure,  and  this  is  what  actually  occurs  in  practice,  but  is  a  ptrint 
which  is  easily  overlooked.    Nuw  if  this  air  be  idloweil  to  e\pand  in  a 
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cylinder,  it  will  give  up  more  of  its  heat  in  order  to  overcome  the 
resistance,  and  in  this  way  it  will  lose  or  part  with  more  heat.  The 
amount  of  work  done  is  shown  by  the  indicator  card,  and  can  be 
estimated.  The  mechanical  work  done  by  the  air  in  this  expansion 
is  exactly  the  same  as  that  done  upon  it  during  its  compression,  but 
there  is  in  addition  the  further  loss  of  energy,  due  to  the  internal 
work  done  in  the  air  during  the  expansion,  so  that  what  has  been  done 
to  the  air  during  the  entire  process  has  been  to  extract  some  of  its 
original  store  of  heat,  thus  reducing  its  temperature;  and  the  cold  air 
is  now  ready  to  restore  its  deficiency  at  the  expense  of  the  surrounding 
hotter  bodies. 

The  greatest  theoretical  efficiency  of  a  refrigerating  machine  is 
expressible  by  the  equation  : 

X  denoting  the  heat  units  which  are  abstracted. 

X*  denoting  the  total  of  heat  units  representing  work  effected. 

Y  denoting  the  absolute  lower  temperature. 

Z  denoting  the  absolute  higher  temperature. 

In  all  refrigerating  machines,  other  matters  being  equal,  a  limited 
range  of  temperature  gives  the  largest  amount  of  efficiency,  and  the 
more  extended  the  range  of  temperature  the  less  will  be  the  degree 
of  efficiency  developed ;  the  efficiency,  moreover,  advances  proportion- 
at€^ly  to  a  rise  in  the  lowest  limit  of  the  range  of  temperature. 

Shortly,   the  work   demanded   of   a   refrigerating   machine   is   to 

extract  heat  from  a  cold  body,  say  from  the  air  in  an  enclosed  space, 

such  as  a  refrigerating  chamber,  and  by  the  expenditure  of  mechanical 

energy  to  sufficiently  raise  the  temperature  of  this  heat  to  admit  of  its 

being  carried  away  by  a  suitable  external  agent,  the  latter  being  most 

usually  water,  which  is  not  only  the  cheapest  one  available,  but  also  has 

^  greater  capacity  for  heat,  weight  for  weight,  than  any  other  known 

substance,  and  is  taken  as  the  standard  of  comparison,  its  specific  heat 

being  taken  as  unity. 

It  has  been  already  stated  that  heat  cannot  be  communicated  from 
.  a  cold  body  to  one  at  a  higher  temperature  without  compensation  tak- 
ing place,  and  as  the  heating  of  cold  bodies  is  not  refrigeration,  an 
explanation  of  the  nature,  extent,  and  necessity  of  this  compensation 
is  called  for. 

Let  us  suppose  that  it  is  desired  to  cool  some  agent  or  medium, 
say  air  for  an  example,  at  a  temperature  of  60°  Fahr.,  a  liquid  at  a 
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temperature  uf  zeru  l''jhr.  being  available  which  has,  say,  the  same 
specific  heat  as  water.  On  mixing  joo  cubic  feet  of  this  i 
ten  pounds  of  the  liquid,  it  will  be  found,  as  soon  as  the  temperatures 
have  become  equalised,  that  the  air  has  been  cooled  50''',  and  the 
liquid  heated  10°,  practically  no  expenditure  of  power  being  required 
to  effect  the  mixing. 

On  the  other  hand,  supposing  that  it  is  desired  to  cool  air  at  a 
temperature  of  60''  Fabr.,  and  that  water  at  So"  Fahr,  is  available  foi 
the  purptise  of  absorbing  the  heat,  then  in  this  case  as  the  substance 
to  be  cooled  is  the  colder  body,  some  means  must  be  found  of  reversing 
the  relative  temperatures  of  the  two  substances.  According  to  Boyle'i 
or  Mariotte's  law,  the  temperature  remaining  the  same,  the  volume  of 
any  given  quantity  of  gas  will  be  in  the  inverse  ratio  to  the  pressure 
which  it  sustains.  By  compressing  the  100  cubic  feet  of  air  to 
-[V'ls  of  its  volume,  the  terminal  temperature  will  be  found  to  be  140° 
Fahr.,  and  if  this  air  be  mixed  whilst  under  pressure  with  10  lbs.  of 
water  at  a  temperature  of  80'  Fahr.,  it  Wll  be  found,  as  soon  as  the 
temperatures  become  equalized,  that  both  the  air  and  the  water  are  at  a 
temperature  of  go°.  By  allowing  this  air  to  expand  to  norma!  pressure, 
its  final  temperature  will  be  found  to  be  10°  Fahr.,  or  reduced  to  a 
similar  temperature  as  in  the  first  case.  In  the  above  example,  the 
compression,  cooling,  and  expansion  are  assumed  to  be  all  effected  ia 
the  same  cylinder,  and  without  transference  of  heat  to  or  from  the 
exterior. 

It  will  be  seen  that,  in  both  of  the  above  cases,  100  cubic  feet  (rf' 
air  has  been  reduced  in  temperature  by  jo'^  Fahr,  The  heat  removed 
or  abstracted  was  in  the  first  instance  communicated  to  a  liquid  at  a 
low  temperature,  no  compensation  taking  place,  whilst  in  the  second 
case  the  heat  removed  or  abstractetj  was  taken  up  by  water  at  an 
initial  temperature  considerably  above  that  of  the  said  air,  which 
action  necessitated  the  temperature  of  the  latter  being  raised  by  c 
pression,  thereby  consuming  a  certain  amount  of  power  in  doing  so, 
which  consumption  of  power  in  the  above  case,  allowing  for  friction, 
may  be  taken  as  27,500  ft.-lbs. 

We  have  already  seen  that  the  mechanical  equivalent  of  heat  '» 
778  ft.-lbs.  per  British  thermal  unit  {B.T.U.  or  heal  unit,  viz.,  ihe 

I  quantity  of  heat  required  to  raise  one  pound  of  pure  water  one  degree 
Fahrenheit,  or,  more  exactly,  from  391°  to  401'^),  therefore: 


I 


778 


=  35'3  B.  T.  U. 
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This,  however,  as  above  mentioned,  is  on  the  assumption  that 
impression,  cooling,  and  expansion,  all  take  place  in  the  same  cylinder 
nd  without  loss  or  accession  of  heat  to  the  exterior,  an  impossible 
rrangement  in  practice,  and  if  the  air  be  compressed  in  one  cylinder 
nd  passed  into  other  cylinders  against  pressure  for  cooling  and  ex- 
•ansion,  as  it  would  be  in  an  actual  working  arrangement,  another 
22,000  ft.-lbs.  would  be  consumed  for  the  discharge  of  the  air  against 
ressure,  whilst  there  would  be  a  recovery  of  80,000  ft.-lbs.  due  to  the 
xpansion  of  the  compressed  air  behind  a  piston,  and  we  have  there- 
>re,  2 7,500  ft.-lbs.  +  122,000  ft.-lbs.  =  149,500  ft.-lbs.  —  80,000  ft. -lbs. 
=  69,500  ft.-lbs.  as  the  expenditure  of  power  required  to  cool  100  cubic 
jet  of  air  50°  with  cooling  or  condensing  water  at  a  temperature  of 
0°  Fahrenheit. 

The  principles  involved  in  the  process  are  very  simple,  as  will  be 
eadily  seen  from  the  above.  The  main  point  is  that  the  temperature 
A  the  substance  or  agent  to  be  cooled  must  be  raised  above  that  at 
rhich  the  water  available  for  condensing  purposes  happens  to  be,  the 
Hcact  amount  of  this  additional  temperature  must  be  regulated  by  the 
:emperature  at  which  it  is  required  that  the  medium  or  agent  should 
be  on  leaving  the  expansion  cylinder.  Another  absolute  necessity  is 
the  provision  of  a  suitable  cooling  medium,  such  as  water,  which  will 
take  up  the  heat  given  off  from  the  medium  or  agent  to  be  cooled, 
which  cooling  or  condensing  water  can  be  run  to  waste,  or  cooled  for 
further  use  for  the  same  purpose. 

Finally  it  must  be  borne  in  mind  that  all  substances  contain,  more 
or  less,  heat ;  and  that  as  heat  cannot  be  created,  nor  yet  can  it  be 
destroyed,  a  body  can  only  be  reduced  in  temperature  by  the  trans- 
ference of  more  or  less  of  its  heat  to  another  body. 

The  abstraction  of  heat,  therefore,  from  one  body  and  its  transfer 
to  another,  called  the  refrigerating  or  cooling  agent,  is  naturally  the 
naain  function  of  refrigerating  and  ice-making  apparatus,  and  in  order 
to  insure  continuity  of  action,  the  said  refrigerating  agent — ^the  tem- 
perature of  which  must  necessarily  be  lower  than  that  of  the  sub- 
stance upon  which  it  is  desired  to  act — must  be  either  periodically 
renewed,  or  suitable  means  must  be  provided  for  the  removal  therefrom 
of  the  heat  extracted  or  abstracted  from  the  latter.  That  is  to  say, 
a  continuously  working  machine  comprises  a  heat-abstracting  appara- 
tus, and  suitable  means  for  automatically  renewing  at  the  requisite 
intervals  the  cooling  agent  or  medium,  or  for  the  removal  from  the  lat- 
ter of  the  heat  extracted  from  the  body  it  is  desired  to  cool,  so  as  to 
enable  it  to  be  used  over  and  over  again  in  a  continuous  cycle. 

c 
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In  short  a  refrigerating  maphine,  iii  a  few  words,  may  be  described 
as  a  heat  pump. 

The  various  inventions  for  refrigerating  and  ice-making  that  are 
now  in  use,  can  be  conveniently  classified  for  the  present  purpose  undOTi 
the  following  (\\&  principal  heads,  viz. : — 

First,  those  wherein  the  more  or  less  rapid  dissolution  or  liquefac-' 
[ion  of  a  solid  is  utilised  to  abstract  heat.  This  is,  strictly  speaMn^ 
more  a  chemical  process. 

Second,  those  wherein  the  abstraction  of  heat  is  effected  by 
evaporation  of  a  portion  of  the  liquid  to  be  cooled,  the  process  beii4 
assisteil  by  an  air-pump.     This  is  known  as  the  vacuum  system. 

Third,  those  wherein  the  alistraetion  of  heat  is  effected  by  the 
evaporation  of  a  separate  refrigerating  agent  of  a  more  or  less  volatile 
nature,  which  agent  is  subsequently  restored  to  its  original  physical^ 
conditioh  by  mechanical  compression  and  cooling.  This  is  called 
compression  system. 

Fourth,  those  wherein  the  distraction  of  heat  is  effected  by 
evaporation  of  a  separate  refrigerating  agent  of  more  or  less  volatilt 
nature  under  the  direct  action  of  heat,  which  agent  again  enters  inU 
solution  with  a  liquiil.     This  is  termed  the  absorption  system. 

Fifth,   (hose  wherein   air  or  other  gas  is  first  compressed,   tl 
cooled,  and  afterwards  permittwl  to  expand   whilst   doing  work, 
practically  hy  first  applying  heat,  so  as  to  ultimately  produce  coll 
These  are  usually  designated  as  cold-air  machines. 


CHAPTER  III. 
THE  LIQUEFACTION  PROCESS. 

Use  of  by    the   Ancients. — Various  Machines  Operating  on  the.— General   Laws 
Governing  Production  of  Cold  by. — Principal  Freezing  Mixtures. 

Liquefaction,  or  the  utilisation  of  the  more  or  less  rapid  dissolution 
of  a  solid  to  abstract  heat,  is  one  of  the  most  ancient  methods  employed 
for  artificial  cooling.     The  reduction  of  temperature  of  water  and  other 
liquids  by  the  melting  of  saltpetre  is  said  to  have  been  known  in  India 
at  a  very  remote  period,  and  it  is  on  record  that  one  Blasius  Villa- 
franca,  a  physician  of  Rome,  utilised  it  for  this  purpose  as  early  as 
1550-    The  Romans  are  said  to  have  cooled  wine  by  immersing  the 
bottle  containing  the  latter  in  a  second  vessel  filled  with  cold  water 
into  which  saltpetre  was  gradually  thrown,  whilst  at  the  same  time  the 
said  bottle  was  rotated  rapidly.     Freezing  water  by  the  use  of  a  mix- 
ture of  snow  or  powdered  ice  and  saltpetre  was  mentioned  by  Latinus 
Tancredus,  of  Naples,  in  1607,  and  wine  by  means  of  snow  and  com- 
nK)n  salt  by  Santorio  in  1626.     This  was  also,  in  all  probability,  the 
roethod  employed  by  the  Esthonian  tribe  for  producing  artificial  cold, 
^d  freezing  the  dead,  and  liquids,  as  mentioned  by  Orosius  about 

A.D.  400. 

To  this  class  belong  the  numerous  ordinary  and  well-known 
DJachines  and  apparatus  employed  for  icing  creams,  lemonades,  etc., 
*hich  usually  consist  of  a  tub  constructed  of  wood  into  which  a  vessel 
containing  the  substance  to  be  cooled  or  frozen  is  placed,  and  is 
^rrounded  by  a  frigorific  agent,  such  as  a  mixture  of  pounded  ice  or 
snow  and  chloride  of  sodium ;  or  a  combination  of  certain  chemicals 
^^y  be  substituted  for  the  former. 

This  method  is  also  used  on  a  more  extensive  scale  for  ice-making 
^d  cooling,  but  although  ice  can  be  produced  on  a  commercial  scale 
^ith  improved  apparatus,  it  is  still  more  expensive  than  strictly 
mechanical  methods.  The  best  among  the  many  forms  of  apparatus 
for  making  ice  on  this  principle  are  probably  those  of  Toselli  and 
Siemens. 
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In  Toselii's  machine  the  frigorific  agent  consists  of  a  mixture  of 
ammonium  nitrate  and  water,  which  produces  a  reduction  of  tempera- 
ture of  about  40°  Fahr.  The  apparatus  requisite  is  one  of  extreme 
simplicity,  consisting  merely  of  a  vessel  in  which  the  solution  of  the 
salt  is  effected,  and  a  can  wherein  are  placed  a  number  of  moulds  of 
different  sizes,  circular  in  cross  section,  and  formed  with  a  slight  taper. 
These  moulds,  previously  filled  with  water,  are  inserted  in  the  freezing. 
mixture,  and  a  thin  film  of  ice  is  formed  round  their  edges  in  a  tew 
minutes;  these  slightly  tapered  tubes  of  ice  are  then  withdrawn  from 
the  moulds,  and  placed  one  inside  the  other,  thus  farming  a  small 
stick  of  ice.  The  relative  dimensions  of  the  moulds  are  of  course  such- 
as  to"  form  the  ice  tubes  suitably  proportioned  to  admit  of  the  aboi-e 
operation. 

In  Siemens'  apparatus  calcium  chloride  is  employed  as  the  frigorific 
agent  The  dissolution  of  this  salt  in  water  produces  a  reducticwi  of 
temperature  of  only  about  30°  Fahr.,  and  to  admit  of  this  reduction 
being  sufficient  to  produce  ice  with  water  at  an  initial  temperature  of 
65°  Fahr.,  a  heat  interchanger  is  provided,  wherein  the  spent  liquor^ 
which  is  at  a  temperature  of  about  30'^  Fahr.,  is  employed  to  cool  ths 
water  before  it  is  mixed  with  the  salt.  It  will  thus  be  seen  that  thei 
will  be  a  gain  in  reduction  of  temperature  equivalent  to  the  amount 
of  this  cooling  action.  The  salt  can  be  recovered  by  evaporation,  ; 
employed  over  and  over  again.  This  apparatus  is  stated  to  havi 
worked  well,  producing  ice  on  a  large  scale  in  a  satisfactory  mannec 
but  owing  to  its  being  on  the  whole  found  to  be  inferior,  and  mon 
costly  than  purely  mechanical  methods  of  producing  ice,  it  has  nevd 
come  into  general  use. 

In  an  American  machine,  wherein  ammonium  nitrate  is  likewise  e 
ployed  as  the  frigorific  agent,  cylindrical  receptacles  fitting  one  withd 
the  other,  so  as  to  leave  annular  spaces  or  clearances,  are  provided 
The  water  to  be  frozen  is  placed  in  the  centre,  the  frigorific  .agent  il 
the  said  annular  spaces  or  clearances,  so  that  the  first  or  outermoil 
acts  to  cool  the  second,  the  second  the  third,  and  the  third  the  fourtli 
and  so  on,  the  cold  being  intensified  at  the  centre  in  accordance  v 
the  nimiber  of  the  said  annular  spaces  containing  the  frigorific  agei 
The  series  of  cylindrical  vessels  or  receptacles  are  arranged  in  1 
wooden  outer  casing  so  mounted  as  to  be  capable  of  being  slowly  i« 
volved,  and  thereby  promoting  the  more  rapid  dissolution  of  the  saA 
This  apparatus  is  analogous  to  that  employed  many  years  ago  on 
small  scale  for  laboratory  experiments  by  Walker,  and  by  means  ( 
which  he. succeeded  in  sinking  the  spirit  to  —91''  Fahr. 
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When  aiiy  of  the  above  methods  are  employed  for  refrigerating 
purposes,  brine,  previously  cooled  in  the  apparatus,  is  circulated  in  the 
usual  manner  through  a  system  of  cooling  pipes. 

The  general  law  governing  the  production  of  cold  by  frigorific 
mixtures  is,  that  during  the  liquefaction  of  a  solid,  a  certain  amount 
of  heat  not  indicated  by,  or  sensible  to,  the  thermometer  is  absorbed, 
which  heat  is  abstracted  from  any  surrounding  bodies.  The  absorp- 
tion of  heat,  consequently  the  production  of  cold,  in  the  said  environ- 
ing bodies  is  the  more  marked  in  proportion  as  the  solid  is  more  sud- 
denly or  rapidly  liquefied. 

The  following  observations  on  frigorific  mixtures  are  extracted  from 
a.  paper*  on  "  Refrigerating  and  Ice-making  Machinery  and  Appli- 
ances," by  Mr.  T.  B.  Lightfoot,  C.E.,  M.I.C.E.,  who  is  a  well-known 
authority  upon  the  subject :  "  When  a  substance  changes  its  physical 
state,  and  passes  from  the  solid  to  the  liquid  form,  the  force  of  cohe- 
sion is  overcome  by  the  energy  in  the  form  of  heat.  The  effect  may  be 
produced  without  change  in  sensible  temperature,  if  the  heat  be 
absoibed  at  the  same  rate  as  it  is  supplied  from  without.  Thus,  as  is 
well  known,  the  temperature  of  melting  ice  remains  constant  at  32" 
Fahr.,  and  any  increase  or  decrease  in  the  heat  supplied  merely  hastens 
or  retards  the  rate  of  melting  without  affecting  the  temperature. 
Mixtures  of  certain  salts  with  water  or  acids,  and  of  some  salts  with  ice, 
which  form  liquids  whose  freezing  points  are  below  the  original  tem- 
peratures of  the  mixtures,  do  not,  however,  behave  in  this  way;  for 
under  ordinary  circumstances  the  tendency  to  pass  into  the  liquid 
form  is  so  strong,  that  the  heat  is  absorbed  at  a  greater  rate  than  it  can 
be  supplied  from  without.  The  store  of  heat  of  the  melting  substances 
themselves  is  therefore  drawn  upon,  and  the  temperature  consequently 
falls  until  a  balance  is  set  up  between  the  rate  of  melting  and  the  rate 
at  which  heat  is  supplied  from  outside.  This  is  what  takes  place  with 
ordinary  freezing  mixtures.  The  amount  of  the  depression  in  tempera- 
ture appears  to  depend  to  some  extent  on  the  state  or  hydration  of  the 
salt,  and  the  percentage  of  it  in  the  mixture.  Almost  the  only  salts 
used  are  those  of  certain  alkalies,  few  others  possessing  the  requisite 
solubility  at  low  temperatures." 

•  ••Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  201. 
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OF  FREEZING  MIXTCTRES. 


Snow  or  jioundeti  ice,  z  parts  ;  muriate  of  sodc 

Snow  5:   muriate  of  sodium  i;   muriate  of  air 

Suow  14  :  muriate  of  sodium  10;  muriate  of  am 

monia  5  ;  nitralc  of  potash  5 
Snow   la  ;  muriate  of  sodilrai  5 ;  nitrate  of  am 

Snow  4  :  muriate  of  lime  5  

Snow  I ;  chloride  of  sodium  or  common  salt  t  . 
Snow  1 ;  muriate  of  lime  ctysCalliiied  3    . . 
Scow  3  ;  dilute  sulphuric  acid  2    ,. 

Snow  3  ;  hjidrochloric  acid  5         

Snow  7 :  ddute  nitric  acid  4 

Snow  8  :  cbloride  of  calcium  5 

Snow  2  ;  chloride  of  calcium  crystallized  3 

Snow  3  ;  potassium  4 

Snow  2  ;  chloride  of  sodium  i 

Snow  5  ;  chloride  of  sodium  t ;  chloride  of  an 

Snow  14 ;  chloride  uf  sodium  10;  chloride  of  an 

monia  5  ;  nitrate  of  potassium  5 
Snow  II;   chloride  of  sodium  s  ;  nitrate  of  nni 

Snow  z :   dilute  suljihuric  acid  1 ;   dilute  nilri 

Snow  iz ;  common  sail  5  ;  nitn 
Snow  I ;  muriale  o(  lime  3 
Snow  S  ;  dilute  sulphuric  acid  li 
Chloride  of  ammonia  5 :  nilrati 

Nitrate  of  ammonia  I  ;  water  1      . , 

Chloride  of  ammonia  5  ;  nitrate  of  potassium 

sulphate  of  sodium  8 ;  water  16 
Sulphate  of  sodium  5  ;  dilute  soJphuric  acid  4 
Sulphate  of  sodium  8  ;  hydrochloric  acid  9 
Nitrate  of  sodium  3  :  dilute  riitrk  acid  1 
Nitrate  of  ammonia  1  ;   carbonate  of  sodium 

Sulphate  of  sodium  6 ;   chloride  of  ammonia 
nitrate  of  potassium  2  ;  dilate  nilrit  add  4 

Phosphate  of  sodium  g ;  dilate  nitric  acid  4 

Bulpbnte  of  sodium  6  ;   nitrati 
dilute  nitric  acid  4 
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Table  of  Principal  Freezing  Mixtures— C<w////w<</. 


COMPOSITION  OF  FREEZINO  MIXTURES. 
(Materials  previously  cooled.) 


Reduction  of 
temperature  in 
degrees  Fahr. 


,  From 

I  _-    - 


Phosphate  of  sodiam  5  ;  nitrate  of  ammonia  3 ; 

dilute  nitric  acid  4 
Phosphate  of  sodium  3 ;  nitrate  of  ammonia  2  ; 

dilute  mixed  acid  4      . . 
Snow  3  ;  muriate  of  lime  4 
Snow  I ;  muriate  of  lime  crj'stallized  2     . . 
Snow  2  ;  muriate  of  lime  3 
Snow  8 ;    dilute  sulphuric  acid  3  ;    dilute  nitric 

4*V«4v«    ^**  *•  *•  •*  **  *• 

Snow  3  ;  dilute  nitric  acid  2 
Snow  I  ;  dilute  sulphuric  acid  i    . . 
Snow  2  ;  muriate  of  lime  crystallized  3    . . 
Snow  8 ;  dilute  sulphuric  acid  10  . . 
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The  abstraction  of  beat  by  the  evaporation  of  a  portion  of  the  liquid 
to  be  cooled,  the  process  being  assisted  by  an  air-pump,  or  the  vacuum 
process,  includes  all  such  machines  as  operate  to  extract  heat  by 
the  evaporation  or  vaporisation  of  a  portion  of  the  water  or  other  liquid 
to  be  cooled  or  frozen. 

The  ccN>ling  of  liquids  on  this  principle  depends  upon  the  conver- 
sion of  the  sensible  heat  into  latent  heat  during  evaporation,  and,  in  its 
most  primitive  form,  its  use  is  almost  co-existent  with  that  of  the  world, 
having  been  commonly  employed  for  refrigerating  purposes  in  all 
ages.  It  is  obvious,  however,  that  as  a  portion  of  the  liquid  to  be 
cooled  is  permitted  to  go  to  waste,  it  can  be  only  profitably  applied 
direct  to  liquids  of  little  or  no  value,  such  as  water. 

A  common  example  of  this  method  in  its  crudest  form  is  found  in 
the  ancient  plan,  so  universally  adopted  in  hot  climates,  of  cooling 
water  by  the  evaporation  of  a  portion  of  the  contents  of  a  porous 
jar  or  vessel  from  the  outer  surface  thereof,  by  hanging  the  said  vessel 
in  a  position  where  it  will  be  subjected  to  either  a  natural  or  an  arti- 
ficial draught. 

It  is  stated  that  the  practice  of  prociuing  ice  by  exposing  water 
to  the  night  air  in  shallow  porous  vessels  has  been  practised  in  India 
during  the  cool  season  fn)m  the  remotest  ages.  The  said  vessels  are 
placed  on  a  bed  of  straw,  cornstalks,  or  megass  (crushed  cane  stalks) 
in  shallow  excavations  made  preferably  in  an  exposed  situation  on  an 
extensive  plain,  bring  filled  with  water  to  be  congealed  or  frozen,  and 
in  the  morning,  provide*]  the  night  be  clear,  are  found  covered  with 
thin  crusts  of  ice. 

This  process  is  also  said  to  have  been  practised,  both  in  France: 
and  in  this  country,  in  the  latter  part  of  the  last  century,  with  perfect, 
success,  so  far  at  least  as  the  production  of  ice  was  concerned,  but  it 
failed  commercially  by  reason  of  the  large  expenses  entailed. 
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The  first  machine  on  the  vacuum  principle  Cot  the  producliun  of 
artificial  ice  by  the  conversion  of  sensible  into  latent  heat  by  evapora- 
tion, of  which  there  is  any  record,  was  that  invented  by  Dr.  Cullen, 
'■^  1755'  *^'J  ii  that  year  made  the  discovery  that  the  evaporation  of 
water  could  be  facilitaied  by  the  removal  of  the  atmospheric  pressure 
liy  means  of  an  air  pump,  to  such  a  degree  as  to  enable  him  to  freeze 
water  even  in  iiummer. 

This  apparatus  was  the  parent  of  aJ!  those  subsequently  designed 
for  cooling  and  congealing  liquids  by  their  own  evaporation  in  vacuo, 
that  is  to  say,  wherein  the  vapour  is  drawn  off  from  the  partial  vacuum 


1  with 
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Further  attempts  were  male  l>j    Lesl  e  (t8  o)    Vallance  (1824), 
brt]  (18:15)    ^"^  others    but  without  any  mu  h  greater  success 
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aitending  their  cffotLs,  KJmund  Carre's  sulphuric  aciii  freezing  machine 
being  the  first  to  be  commercially  siiecessfu!. 

This  apparatus,  acting  to  refrigerate  by  evapuration  anj  rarification,  - 
and  which  was  adapted  to  produce  the  carafes  frappcs  commonly  used 
in  Parisian  cafes  and  restaurants,  consisted,  as  shown  in  Fig.  4,  of  a 
cylindrical  vessel,  a,  intended  to  contain  the  charge  of  ctmcCTitrated 
sulphuric  acid ;  an  air-pump,  b,  so  arranged  that  it  could  be  connected 
to  the  mouth  of  the  carafe,  and  of  an  agitator,  C,  which  is  so  coupled 
to  the  air-pump  lever  that  it  will  be  operated  during  the  working  of  the 
said  pump  in  such  a  manner  as  to  keep  the  sulphuric  acid  in  the 
cylindrical  vessel  A  continually  in  mution. 

The  machine  of  course  only  operates  intermittingly.  but  the  large 
body  of  sulphuric  acid  used  in  the  vessel  a  prevents  a  rapid  loss  of 
absorptive  power  takipg  place  through  dilution,  and  the  agitation 
obviates  the  formation  of  a  more  diluted  stratum  on  the  surface,  which 
would  be  highly  lietrimental  to  ibe  proper  working  of  the  apparatus. 

The  chief  drawback  to  this  machine,  besides  its  intermissive  action, 
is  the  difficulty  experienced  in  maintaining  the  pump  in  good  working 
order,  and  the  various  joints  all  perfectly  gas  tight. 

Franz  Windhausen  patented  in  1878  a  compound  vacuum-pump 
designed  to  produce  ice  directly  from  water  without  using  sulphuric 
acid ;  and  likewise  a  modified  arrangement  wherein  sulphuric  acid  could 
be  employed.  In  this  latter  apparatus  the  sulphuric  acid  is  cooled  by 
water  whilst  absorbing  the  vapour,  and  is  subsequently  concentrated, , 
when  it  becomes  over-diluted,  thus  ob^'iating  the  necessity  for  the  in- 
sertion of  a  fresh  supply  of  acid. 

An  improveil  form  of  this  machine  constructed  in  1881,  nominally 
capable  of  producing  from  12  to  1 5  tons  of  ice  per  ^4  hours,  and  which 
was  first  put  up  at  the  Aylesbur)'  Dairy,  Bayswater,  London,  and  after- 
wards removed  to  Brompton,  was  ftdly  described  at  the  time  in  a 
paper"  written  by  Dr.  Hopkinson. 

The  ice-forming  vessels  or  moulds,  which  are  six  in  number,  are 
constructed  of  cast-iron,  circular  in  transverse  section,  and  slightly' 
tapered.  These  cans,  moulds,  or  cases  moreover  are  steam-jacketed, 
so  as  to  admit  of  the  ice  being  melted  or  thawed  off  and  readily  dis- 
engaged therefrom,  and  are  provided  at  their  lower  ends  with  hinged' 
doors,  which,  when  closed,  fonn  fluid-tight  joints. 

The  sulphuric  acid  is  contained  in  a  long  cylindrical  vessel  vhereaor 
rotating  agitators  maintain  the  said  acid  in  i;ontinua]  motion  duiini^; 
the  operation  of  the  apparatus,  and  the  said  cylindrical  vessel  is  wato^' 
•  ■•  Journal  of  the  Society  of  Arts,"  1881.  Vnl.  s«i..  p.  20. 
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jacketed  so  as  to  carry  off  the  greater  portion  of  the  heat  that  becomes 
liberated  during  the  absorption  of  the  vapour. 

The  sulphuric  acid  cylinder  or  vessel  communicates  with  the  upper 
parts  of  the  ice-forming  vessels  or  moulds,  and  with  the  vacuum-pump, 
which  latter  has  two  cylinders,  viz.,  a  large  double-acting  one  and  a 
small  single-acting  one. 

The  water  is  admitted  to  the  moulds  through  nozzles  at  a  regulated 
rate,  the  fine  streams  offering  an  extended  surface  for  evaporation, 
and  becoming  instantly  congealed  into  ice  globules  or  particles  which, 
falling  into  the  bottoms  of  the  said  moulds,  are  frozen,  together  with 
the  water  that  collects  there. 

In  the  operation  of  the  apparatus  the  air,  and  any  vapour  that  may 

pass  over  from  the  sulphuric  acid  cylinder  or  vessel,  are  drawn  into 

the  large  pump-cylinder,  by  which  they  are  slightly  compressed  and 

passed  on  into  the  condenser,  wherein  a  portion  of  the  said  vapour  is 

condensed  by  cold  water,  the  rest,  together  with  the  air,  entering  the 

second  or  smaller  pump-cylinder,  where  they  are  compressed  up  to 

the  tension  of  the  atmosphere  and  discharged.     This  pump,  it  is  stated, 

admits  of  a  vacuum  of  half  a  millimetre  of  mercury  being  constantly 

maintained;  2%  mm.,  however,  being  as  low  a  vacuum  as  it  is  found 

necessary  to  have  during  actual  work. 

By  the  employment  of  a  compound  pump  with  an  intermediate  con- 
denser, and  performing  the  compression  in  two  distinct  stages,  the 
losses  that  would  otherwise  occur  from  the  clearance  spaces  in  the 
large  pump  are  greatly  reduced. 

The  concentrator  for  the  diluted  sulphuric  acid  consists  in  a  lead- 
lined  vessel  or  receptacle  fitted  with  a  steam-heated  coil  of  lead  piping 
and  connected  with  an  ordinary  air-pump.  The  acid  is  transferred 
from  one  vessel  to  the  other  by  atmospheric  pressure,  and  the  diluted 
or  weak  acid,  which  is  at  a  comparatively  low  temperature,  is  heated  on 
its  way  to  the  concentrator  in  an  interchanger,  by  the  strong  concen- 
trated acid  returning  from  the  latter. 

The  ice  produced  by  this  machine,  like  that  of  all  those  on  the 
vacuum  principle  acting  direct,  is  in  an  opaque  and  porous  condition ; 
and  the  avoidance  of  this  defect,  and  the  production  of  clear  trans- 
parent crystal  ice  by  freezing  it  in  moulds  plunged  in  brine  previously 
cooled  by  evaporation  in  a  vacuum,  would  render  the  process  too  ex- 
pensive to  be  commercially  successful. 

The  total  amount  of  water  that  is  used  in  working  is  from  10  to  12 
tons  per  ton  of  ice,  and  the  fuel  180  lbs.  of  coal  to  each  ton  of  ice 
produced ;  the  latter  is  employed  in  raising-»!lie  requisite  supply  of  steam 


REFRIGERATION  AND   COLD  STORAGE. 


for  liriving  the  pumps,  ami   healing  the  roil   ii>   (he  sulphuric   acid 
evaporator. 

Fig.  5  is  a  »'ertiL-ai  cwilral  sectii.m  parlly  in  elevation  showing 
Lange's  improved  pump  for  exhausting  the  air  frum  the  absorber  (rf 
a  vacuum  machine.  As  will  be  seen  from  the  drawing,  three  pistonSj 
A,  B,  and  c,  are  employed,  placed  in  line  one  above  the  other,  and 
working  in  three  superimposed  cylinders.  The  valves  are  so  arranged 
that  each  of  the  uppermost  cylinders  draws  from  the  one  below,  and 
they  are  sealeil  with  oil,  which  latter  constantly  circulates  through  the 
pump.     The  mixed  oil  and  air,  on  (earing  the  top  or  uppermost  cylin- 


..angf's  ExbaubC  Pump  f  i  \ 


der,  is  discharged  into  a  separator  D  the  air  being  permitted  to  escape 
into  the  atmosphere  and  th^  oil  passing  into  a  receptacle  from  which 
it  can  be  returned  to  the  pump  when  required 

The  vacuum  apparatits  fLr  the  refrigeration  of  a  hquid  by  its  par 
tial  evaporation,  f  ir  which  James  Harrison  took  out  a  patent  in  1878 
is  designed  to  produce  opaque  ice  at  a  \ery  kw  cost  (ibout  one  ihd 
ling  per  ton),  by  reducing  the  fuel  consumption  which  as  already  men 
tioned,  is  the  chief  item  tf  expense  This  is  proposed  to  be  effected 
by  getting  rid  of  the  hulk  >f  the  fnction  engendered  in  the  usual 
1  and  air  pumps    and  also  lij  a  suing  tf  the  fud  expended  in 
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concentrating  the  weak  or  diluted  sulphuric  acid  in  the  previously 
described  apparatus.  The  main  feature  of  Harrison's  invention  is 
the  process  of  refrigerating  by  the  evaporation  of  the  liquid  to  be 
cooled  or  congealed,  by  carrying  its  vajxnir  under  a  head  of  neutral 
non-evaporable  liquid,  condensing  the  compressed  vapour  at  the  ordi- 
nary temperature,  and  removing  the  resulting  liquid  and  air  by  a  pump. 
One  form  of  his  apparatus  consists  in  a  rotating  pump  or  cylinder 
which  seems  to  pro\'i(ie  a  ready  means  of  exhausting  large  volumes 
of  low  tension  vapour,  without  the  expense  of  the  labour  entailed  in 
maintaining  ordinary  piston  packings  in  an  effective  condition,  and  the 
great  loss  through  friction  therefrom.  This  device  consists,  as  will  be 
seen  from  the  sectional  diagramatical  view.  Fig.  6,  of  an  iron  cylinder. 


Fig.  6. — Diagram  illustrating  Harrison's  Rotating  Exhaust  Pumj)  or  Cylinder. 


rotatably  mounted  horizontally  upon  hollow  or  tubular  shafts  or  axles, 
and  divided  internally  into  different  compartments  by  longitudinal  par- 
titions of  an  L  shape  in  transverse  section.  This  cylinder  is  connected 
through  one  of  the  hollow  shafts  or  axles  with  the  refrigerating  or  ice- 
making  vessels  or  moulds,  which  may  be  of  any  convenient  form,  and 
it  is  partly  filled  with  oil  or  other  liquid,  which  latter  must  in- 
variably be  either  non-evaporable  or  one  which  is  only  vaporisable  at 
a  temperature  greatly  in  excess  of  that  at  which  the  refrigerating  liquid 
can  be  vaporised,  and  it  must,  moreover,  be  perfectly  neutral  chemi- 
cally to  the  vapour  with  which  it  will  be  brought  into  contact  when  the 
machine  is  at  work. 

The  operation  of  the  apparatus  is  as  follows,  viz. : — The  cylinder 
rotates  upon  one  of  the  fixed  hollow  axles,  through  which  the  vapour 


» 


or  gas  to  be  compressed  is  delivered  from  the  refrigerator  or  ice-making 
vessels,  and  the  longitudinal  partitions  or  compartments  moving  round 
with  their  apertures  downwards  carry  with  them  charges  of  ihe  vapour, 
and  compress  them  to  a  degree  varying  in  accordance  with  the  ilepth  to 
which  they  dip  below  the  surface  of  the  liquid.  After  attaining  the 
lowest  position  the  cnmpressed  vapour  is  liberated,  and  rises  into  a 
fixed  hooil  or  inverted  channel,  situated  centrally  and  communicating 
with  the  other  hollow  shaft  or  axle,  which  is  placed  at  the  other  side 
of  Ihe  cylinder,  through  which  it  passes  to  a  surface  condenser.  In 
this  surface  condenser  Ihe  compressed  vapour  is  partially  condensed, 
both  by  direct  cooling  action  and  also  by  the  evaporation  of  water  flow- 
ing over  the  surface,  and  the  condensation  water,  together  with  any  air 
present,  are  then  compressed  to  the  atmospheric  tension  and  dis- 
charged. 

Several  modifications  are  also  described,  viz. : — First,  a  series  of 
buckets  attached  to  endless  chains  dipping  into  a  reservoir  of  the  com- 
pressing liquid,  and  delivering  the  compressed  gas  or  vapour  into  a 
reservoir.  Secondly,  a  gasometer-shaped  vessel,  rising  and  falling  in  an 
annular  space  filled  with  a  non-evaporable  neutral  liquid.  The  vessel, 
on  being  lifted,  becoming  filled  with  the  air  or  vapour,  and  on  being 
depressed  deli\'ering  it  under  a  head  of  liquid.  Thirdly,  a  tapering 
archimedean  screw  working  in  a  reservoir  of  non-evaporable  neutral 
liquid  by  which  the  vapi>ur  is  taken  in  at  the  larger  upper  orifices,  and 
is  discharged,  compressed,  and  liquefied  at  the  lower  or  smaller  end. 
Fourthly,  pumps  with  actuatec!  valines  and  with  arrangements  for  com- 
plete expulsion  of  air  and  vapour.  And  finally,  fifthly,  fans  working 
in  the  air  or  vapour,  and  forcing  it  from  one  compartment  into  another, 
or  exhausting  it  and  forcing  it  into  the  atmosphere. 

A  patent  was  obtained  by  BIyth  and  Southby  some  years  back  for 
a  vacuum  refrigerating  machine  of  great  simplicity  of  desiga  The 
main  featm^  of  their  apparatus  consists  in  the  provision  of  two  pumps, 
viz.,  a  large  main  pump  and  a  small  auxiliary  one,  the  former  being 
healed  by  means  of  a  steam  jacket  or  otherwise. 

The  large,  single-acting,  steam-jacketed  vapour  pump,  is  driven  by 
a  crank,  which  is  situatefl  beneath,  and  is  enclosed  in  a  suitable  cylin- 
drical casing  or  chamber,  having  at  one  sirle  a  door  or  cover,  admittu^' 
of  access  thereto,  and  so  arranged  that  when  closed  it  forms  a  gas-ti^>t 
joint.  The  crank  is  driven  by  belt  gearing,  from  any  suitable  sotircQ' 
of  motive  power,  and  the  pulley  for  the  latter  is  fixed  upon  the  end  of 
a  shaft  <ir  spindle  pa-ssing  through  a  .stiifting  box  iiro\ide(l  upon  the 
opposite  side,  or  wall,  of  the  crank  chamber,  tu  that  fitted  with  the 
door  or  co^er. 
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A  heavy  balanced  fly-wheel  is  also  mounted  upon  the  crank  shaft, 
and  is  enclosed  within  the  said  chamber,  which,  as  above  mentioned, 
is  made  perfectly  fluid  tight. 

The  ice  box  is  fitted  with  an  automatic  feeding  arrangement  for 
filling  the  ice-can  or  case  with  water,  which  mechanism  is  operated  by 
an  eccentric  upon  the  crank  shaft,  and  the  said  box  is  connected  with 
the  pump  through  a  pipe  governed  by  a  stop-cock  or  valve,  a  similar 
cock  or  valve  being  also  fitted  in  the  pipe  leading  to  the  cooling  vessel, 
and  another  suitable  valve  in  the  vapour  exit  to  the  condenser. 

A  double-acting  air  or  ejector  pump  worked  off  the  eccentric  is 
moreover  provided  for  removing  the  air  from  the  interior  of  the 
machine,  and  a  vacuum  gauge  for  ascertaining  the  degree  of  vacuum 
produced. 

The  operation  of  the  machine  is  as  follows,  viz. : — Any  air  that  may 
be  contained  within  the  large  pump  cylinder  is  first  pumped  or  drawn 
off  by  the  small  air  or  ejector  pump,  thereby  producing  a  vacuum 
which  is  filled  by  vapour  from  the  water  to  be  frozen  or  cooled.     The 
large   single-acting  pump,  which    draws  the  vapour    from  the    water 
through    a    suction    valve    situated    in    the    piston,    compresses    this 
vapour  and  delivers  it  through  the  outlet  or  discharge  valve  to  the  con- 
denser, where  it  is  condensed  by  water  in  the  usual  manner,  is  re- 
moved by  the  small  air  or  ejector  pump,  together  with  any  air  that  may 
have  passed  into  the  machine  through  leakage,  and  is  discharged  into 
the  atmosphere.     The  vapour  is  prevented  from  condensing  in  the 
cylinder  by  the  steam-jacket,  which  maintains  the  temperature  of  the 
cylinder  above  that  at  which  the  vapour  will  condense  into  water. 
Were  this  not  the  case,  and  were  the  vapour  permitted  to  condense  in 
^e  cylinder,  the  quantity  to  be  discharged  would  be  so  small  as  not  to 
be  capable  of  being  forced  through  the  delivery  or  outlet  valve. 

When  starting  the  machine,  communication  between  both  ends  of 
the  vapour  pump  cylinder  can  be  kept  open  for  any  requisite  length  of 
time  during  the  first  portion  of  the  delivery  stroke,  so  as  to  permit  the 
^  to  return  to  the  underside  iof  the  piston,  and  thereby  lessen  and 
r^ate  the  expenditure  of  power  required  in  getting  up  the  vacuum. 
This  is  effected  by  means  of  a  bye-pass  and  valve,  which  can  be  opened 
at  starting,  and  kept  open  for  about  nine  tenths  of  the  piston  stroke, 
being  closed  gradually  as  soon  as  the  vacuum  becomes  more  perfect, 
and  altogether  as  soon  as  all  the  air  has  been  got  rid  of.  The  average 
pressure  upon  the  piston  is  light,  not  exceeding  about  one-sixth  of  a 
pound. 

In  all  the  above  arrangements,  a  portion  of  the  refrigerating  agent 
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itself,  together  with  the  heat  it  has  absorbed,  is  rejected,  consequently 
water,  as  the  only  one  sufficiently  inexpensive,  is  invariably  employed. 
Water  has  a  boiling  point  of  212°  Fahr.  at  atmospheric  pressure,  a 
latent  heat  of  vapour  of  966'6  and  a  tension  of  vapour  of  0623,  ^^^ 
having  so  high  a  boiling  point  it  requires  a  vacuum  of  '089  lb.  per 
square  inch  to  boil  at  a  temperature  of  32°  Fahr.,  and  consequently  a 
vacuum  at  the  very  least  as  high  as  this  must  be  maintained  to  produce 
ice  by  the  vacuum  process. 

An  improved  form  of  Carry's  sulphuric  acid  freezing  machine, 
adapted  to  be  operated  by  hand-power,  is  manufactured  in  this  country 
by  the  Pulsometer  Engineering  Co.,  Limited,  London. 

This  machine  is  made  in  four  sizes.  The  smallest  sizes  only  admit 
of  very  small  quantities  of  ice  being  made,  but  with  the  two  larger 
sizes,  upwards  of  7  lbs.,  and  from  20  to  30  lbs.  of  ice  can  be  made 
respectively  in  an  hour,  or  in  the  largest-sized  machine  about  80  lbs. 
per  day. 

It  is  claimed  that  the  acid,  after  use  in  these  machines,  is  especially 
suitable  for  use  in  soda-water  making  machines,  as  having  been  diluted 
slowly  it  has  lost  the  heat  generated  by  the  mixture  of  acid  and  water, 
and  is  consequently  ready  for  immediate  service. 
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So  far  the  refrigeration  has  been  efiFected  by  evaporation,  the  air  gain- 
ing access  under  natural  conditions,  or  by  an  artificial  draught,  or  the 
evaporation  has  been  accelerated  by  reducing  the  atmospheric  pressiu'e, 
the  latter  operation  being  next  stUl  further  facilitated  and  rendered 
practically  continuous  by  providing  for  the  absorption  of  the  vapour 
given  ofiF  or  evolved  by  means  of  an  absorbent,  such  as  sulphuric  acid. 

More  volatile  liquids,  however,  are  employed  as  agents,  such  as,  for 
instance,  alcohol,  sulphurous  and  carbonic  acids,  bisulphide  of  carbon, 
gasoline,  ether,  methylic  and  sulphuric  ether,  carbon  bisulphide,  methyl 
chloride,  ethylene,  anhydrous  ammonia,  etc. 

In  the  year  1755,  Dr.  Cullen  found  that,  by  removing  the  atmo- 
spheric pressure,  ether  and  other  liquids  which  boil  at  low  temperatures 
would  evaporate  at  temperatures  below  freezing  point,  with  sufficient 
rapidity  to  congeal  water  brought  into  contact  with  the  exterior  sur- 
faces of  the  vessels  or  receptacles  wherein  they  were  contained. 

In  a  refrigerating  and  ice-making  apparatus  invented  by  Jacob 
Perkins  about  the  year  1834,  compression  was  first  introduced,  the 
volatile  liquid  used,  according  to  Sir  Frederick  Bramwell,  being  one 
derived  from  the  destructive  distillation  of  caoutchouc.  This  inven- 
tion of  Perkins'  is  the  origin  from  which  has  sprung  all  those  machines 
operating  upon  the  compression  principle;  that  is  to  say,  by  the  ab- 
straction of  heat  by  the  evaporation  of  a  separate  refrigerating  agent 
of  a  more  or  less  volatile  nature,  which  agent  is  subsequently  restored 
to  its  original  physical  condition  by  mechanical  compression  and 
cooling. 

Perkins'  apparatus  is  shown  in  Fig.  7  in  side  elevation,  partly  in 
vertical  section,  and  consists  simply,  as  will  be  seen  from  the  illustra- 
tion, in  a  jacketed  pan  a,  clothed  externally  with  non-conducting  mate- 
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rial,  and  a  pump  b  connected  to  the  upper  part  of  the  jacket,  and  U 
the  first  or  uppermost  convolution  of  a  coil  or  worm  fitted  in  %  tank 
or  \eRsel  C  wherein  cooling  water  can  be  freely  circulated,  and  th 
last  or  lowermost  convolution  of  which  coil  or  worm  is  connecud  n 
the  lower  part  of  the  said  jacket.  The  water  to  be  frozen  is  frfawi 
in  the  jacketej  pan,  the  space  or  clearance  between  the  latter  and  tie 
jacket  being  partially  filled  with  the  distillate  from  caoutchouc,  or  tht 
ether,  or  other  volatile  liquid  intended  to  form  the  refrigerating  agoL 
The  vapour  given  off  or  evolved  from  the  volatile  liquid  contained  ii 
this  spare  or  clearance  is  drawn  off  from  the  top  by  the  pump  b,  lod 
is  delivered  compressed  to  the  water-cooled  worm  or  coil,  which  ii 
shown  by  dotted  lines  in  the  tank  c,  wherran  it  is  again  liquefied  lod 
returned  from  the  bottom  of  the  latter  to  the  lower  jiart  of  the  said 
space  or  clearance.     The  complete  cycle  of  operations  is  thus  cto- 
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tinuous,  and  the  only  loss  of  the  volatile  liquid  used  as  a  refrigeratii^ 
ajient  that  is  possible,  is  that  which  may  take  place  through  leakage. 

The  sy.stem  of  absorbing  heat  and  thus  producing  cold,  partly  by 
the  expansion  and  lapiirisation  or  gasifying,  and  subsequent  liquefac- 
tion, and  partly  by  compression  and  cooling,  is  in  accordance  with  the 
well-known  law  of  physics,  viz.,  that  all  gases  during  the  process  of 
passing  from  a  litpiid  to  a  gaseous  state  are  bound  to  absorb  a  certain 
amount  of  heat,  and  whilst  returning  from  a  gaseous  to  a  liquid  slate 
to  give  up  or  throw  off  the  same  amount  of  heat. 

Whatever  the  refrigerating  or  heat- absorbing  agent  that  may  be 
used,  the  following  cycle  of  operations  is  obligatory  in  all  machines 
working  upon  this  principle,  viz. ; — 

First,  compression,  that  is  the  refrigerating  or  heat-absorbing  agent 
in  gaseous  form,  i.s  subjected  to  a  pressure  sufficient  to  reduce  it  to  a 
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liquid  form,  the  said .  pressure  varying  with  the  nature  of  the  agent, 
and  the  temperature  of  the  condensing  water.     During  this  compres- 
sion, a  degree  of  heat  is  developed  in  accordance  with  the  amount  of 
pressure  to  which  the  gas  is  subjected,  or  to  the  volume  to  which  it  has 
to  be  reduced  relatively  to  that  of  the  gas,  in  order  to  produce  liquefac- 
tion.    This  heat  is  carried  oflF  by  means  of  condensing  or  cooling  water. 
Second,  condensation,  during  which  process  the  heat  developed 
during  the  above-described  compression  of  the  gas  is  carried  away 
by  forcing  the  latter  through  water-cooled  pipes,  the  heat  being  trans- 
ferred to  the  cooling  water.     At  tlus  point  the  gas  Ls  ready  to  assume 
the  liquid  form,  in  doing  which  an  additional  amount  of  heat  is  given 
oflf  to  the  water. 

Third,  expansion,  during  which  the  liquefied  gas  is  admitted  to 
series  or  coils  of  pipes,   and   being  suddenly   relieved   of   pressure, 
instantly  flashes  or  expands  into  a  gaseous  form ;  in  doing  which,  ac- 
cording to  the  above-mentioned  law  of  physics,  it  is    forced  to  absorb 
or   take  up  a  quantity  of  heat  which  it  renders  latent,  and  which  it 
draws  from  the  surrounding  objects,  viz.,  firstly,  of  course,  the  pipes  or 
coil  wherein  it  is  confined,  and  secondly,  such  substances  as  may  be 
brought  in  contact  with  the  latter,  and  which  it  is  desired  to  cool,  as 
air,  water,  brine,  etc. 

The  amount  of  heat  thus  abstracted  or  absorbed  is  equal  to  that 
previously  given  up  to  the  cooling  water  in  the  condenser,  the  gas  being 
then  ready  for  compression,  etc.,  and  the  cycle  of  operations  can  thus 
be  repeated  ad  infinitum. 

These  three  operations  being  essential,  all  machines  of  this  class, 
Iwwever  much  they  may  difiFer  in  more  or  less  important  points  of 
detail,  must  perforce  consist  of  the  three  main  parts  shown  in  the  dia- 
pam  Fig.  8,  viz. : — 

First,  a  compressor,  a,  wherein  the  gas  is  compressed  in  some  suit- 
able and  convenient  manner. 

Second,  a  condensing  side,  b,  wherein  the  gas  circulates  through 
water-cooled  pipes  or  coils  or  their  equivalent,  gives  off  its  heat,  and 
liqoefaction  takes  place. 

Third,  an  expansion  side,  c,  consisting  of  pipes  or  coils,  or  other 
H>ace^  wherein  the  gas  can  re-expand  and  i>erform  its  work  of  cooling 
or  refrigerating,  by  abstracting  heat  in  the  above-described  manner 
from  the  surrounding  objects,  d  is  a  regulating  valve,  e  is  the  low 
pressure  gauge,  and  f  is  the  high  pressure  gauge. 

It  will  be  seen  that  the  heat  only  that  has  been  acquired  by  the 
refrigerating  agent  is  rejected,  the  latter  being  used  over   and  over 
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again,  the  only  loss,  iherefore,  is  that  suslaineJ  Lhrough  accidental 
leakages. 

Such  liquids  imly,  however,  are  capable  of  being  useJ  as  refrigen* 
ing  agents  as  possess  vapours  capable  of  being  liquefied  under  pressurS 
at  ordinary  temperatures.  Hence,  owing  to  the  latter  operation  beio^ 
an  absolute  essential,  it  is  generally  known  as  the  compression  proceM> 

The  next  attempt  at  improvement  in  these  machines  was  made  bf 
Professor  Twining,  who  obtained  a  patent  for  his  invention  in 
country  in  1850.  and  in  the  United  States  in  1853.  His  apparatiB 
compiises  an  exhaust  or  expansion  vessel,  a  pump,  and  a  condenser. 
The  water  to  be  frozen  is  placed  in  chambers  or  cells  situated  betwees 
thin  metal  pipes,  plates,  or  partitions,  through  which  circulates  thft 


Fig.  8.— Di.igiamlllu^traliuBlheOpenilionofaRefrigL-raliiig  Mathjoe  oi 
Ihc  Comptcssion  Principle. 

vapour  evo!ve<J  from  a  suitalile  volatile  liquid,  such  as  ether,  sulphid 
of  carbon,  etc.,  which  vapour  is  drawn  off  by  an  air  pump,  compressed* 
condensed  in  a  coil  or  worm,  cooled  by  water,  and  is  then  returned  tc* 
the  reservoir,  in  which  it  is  once  moie  vaporised  in  a  manner  substan-3 
lially  similar  to  that  of  Perkins'.     Tn  fact,  as  aJreaiiy  intimated, 
machines  d[  this  class  are  bound  to  operate  upon  the  same  princij 
as  that  of  the  latter  inventor,  and  can  only  differ  therefrom  in  detl 
of  construction  of  more  or  less  importance. 

It  is  stated  that  a  machine  of  Twining's,  of  a  capacity  designed 
produce  2,000  lbs.  of  ice  in  twenty-four  hours,  was  in  operation  " 
in    Cleveland,    Ohio;    and    that,    although   working  under 
serious  disadvantages,  it  did  actually  produce  1,600  lbs.  of  ice 
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twenty-four  hours  in  a  toierably  satisfactory  manner,  and  was  in  use  off 
md  on  for  about  three  years. 

Another  machine,  which  comprises  certain  further  improvements 
un  Perkins'  apparatus,  was  invented  and  patented  by  James  Harrison 
in  the  year  1856. 

The  novel  feature  claimed  especially,  in  Harrison's  compression 
machine,  is  the  evaporation  of  volatile  liquids  in  vacuo,  and  the  reduc- 
tion to  a  liquid  form  in  a  separate  vessel  by  pressure.  The  essentia! 
parts  of  his  apparatus  O'nsist  o(  three  vessels  connected  by  tubes,  a 
vacuum  being  established  throughout  the  apparatus,  and  the  air  being 
f\pel!eil  h_v  ihe  vapttur  uf  ether,  ammonia,  or  other  volatile  liquid. 
Ihs  first  vessel  is  rhargetl  with  the  volatile  liquid;  the  second  vesse! 
■■■mlains  a  pumping  and  compressing  apparatus,  by  means  of  which 


[tbetapour  is  vvithdrawn  from  the  first  \ei>sel  and  forced  inlii  a  thiri] 
k!  the  thjrd  or  last  \essel  is  immersed  m  water  or  kept  moist  so  that 
leheat  generated  b>  the  1  ompression  and  liquefaction  of  the  \'ipour 
fcty  be  carneii  off  The  resulting  liquid  passes  into  the  first  \e.ssel 
»  be  again  evaporated  under  diminished  pressure  and  again  with 
hwi!  compressed  liquefied,  and  returned,  the  proceis  liemg  capable 
t( indefinite  prolongation  until  the  apparatus  be  either  injured  or  be 
3  worn  out 

The  general  arrangement  of  an  improved  Hamson  machine  con 

icted  by  Siebe  Gorman  and  Co    is  shown  in  side  elevation  in  Fig 

pft  wbn'ein  A  is  the  steam  engine  cvhnder,  b  is  the  pump  or  compres 

Don  cylinder,  which  is  kept  cool  by  a  suitable  water  jacket    c  is  the 

refrigeration,  which  consists  of  a  topper  cylinder,  fitted  v^^th  sets 
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copper  tubes  arranged  horizontally ;  11  is  the  ether  condenser,  which 
is  composed  of  sets  of  copper  tubes  also  arranged  horizontally  in  a 
wooden  tank  or  casing,  and  cooled  by  a  circulation  of  water. 

Suitable  connections  are  provided  between  the  refrigerator  C,  pump 
B,  and  condenser  d. 

The  refrigerating  agent  employed  in  this  apparatus  is  sulphuric 
ether,  which  is  the  result  of  the  action  of  sulphuric  acid  upon  vinous 
alcohol,  and  which  has  a  specific  gravity  of  0720,  a  latent  heat  of  vapori- 
sation of  165.  a  specific  gravity  of  vapour  of  2'24  as  compared  with  air, 
and  the  boiling  point  of  which  is  96°  Fahr.  at  atmospheric  tension. 

The  liquid  sulphuric  ether  is  deli*'ered  from  the  condenser  d  to  the 
refrigerator  c,  through  a  pipe  fitted  with  a  stop  cock,  by  means  of  which 
(he  amount  admilter!  can  be  nicely  adjusted  to  the  capacity  of  the 
pump  B.  The  weight  of  ether  capable  of  being  drawn  off  by  the  said 
pump  B  is  dependent  upon  the  pressure  at  which  evaporation  takes 
place,  as  it  is  perfectly  obvious  ihat  the  denser  the  said  vapour,  the 
greater  ihe  weight  drawn  off  at  each  stroke  of  the  pump. 

In  order  to  ensure  this  apparatus  working  up  to  its  fullest  capacity 
the  boiling  point  of  the  sulphuric  ether  must  be  so  .regulated  as  to  im- 
part the  exact  reduction  of  temperature  desired,  consequently  the  pres- 
sure at  which  evaporation  is  caused  to  take  place  depends  upon  the 
degree  of  temperature  to  which  it  is  required  to  lower  the  brine. 

The  amount  of  water  required  to  be  passed  through  the  ether 
condenser  D,  for  cooling  purposes,  natirrally  varies  in  different  climates, 
and  in  accordance  with  the  season  of  the  year;  in  this  country  it  is 
stated  to  be  about  150  gallons  per  hour  for  each  ton  of  ice  produced 
per  twenty-four  hours.  The  liquefaction  of  the  vapour  is  said  to  take 
place  with  cooling  water  at  the  temperature  usually  obtainable  here  at 
a  pressure  of  some  3  lbs.  per  square  inch  above  that  of  the  atmosphere ; 
in  a  hot  climate,  however,  a  very  much  higher  pressure  is  required, 
rising  sometimes  to  as  much  as  12  lbs.  above  that  of  the  atmosphere. 

The  apparatus,  when  employed  for  making  ice,  is  provided  with  an 
ice-making  tank,  usually  fitted  with  copper  moulds ;  or,  when  used  for 
refrigerating  purposes,  it  may  be  connected  with  a  system  of  coolii^ 
pipes.  The  brine  circulation  is  maintained  by  means  of  a  suitable 
pump,  and  the  brine,  which  is,  as  a  rule,  reduced  to  a  temperature 
of  about  10"  Fahr.  during  its  passage  through  [he  sets  of  tubes  in  the 
refrigerator  c,  is  returned,  after  circulation,  to  the  refrigerator  to 
be  re-cooled.  The  sets  of  tubes  in  the  refrigerator  are  so  arranged 
that  the  brine  to  be  cooled  circulates  through  them  successively,  being 
thus  gradually  reduced  in  temperature. 
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When  employed  for  cooling  water  or  other  liquids,  the  liquid 
is  usually  passed  at  once  through  the  refrigerator  c  in  place  of  the 
brine. 

In  Charles  Tellier's  apparatus,  which  was  designed  some  years  later, 
the  refrigerating  agent  employed  is  methylic  ether,  which  liquid  has  .1 
latent  heat  of  vaporisation  of  473,  and  which  enters  into  ebullition  at 
tension  of  the  atmosphere  at  a  temperature  of  from  20°  to  25°  below  zero 
Fahr.,  whereas  sulphuric  ether,  employed  in  the  improved  Harrison 
machine,  as  before*  mentioned,  boils  at  96°  Fahr.,  a  difference  of  about 
121°. 

Methylic  ether  is  the  result  of  the  action  of  sulphuric  acid  upon 
ligneous  alcohol,  that  is  to  say,  alcohol  distilled  from  wood.     To  obtain 
methylic  ether,  sulphuric  acid  is  mixed  with  ligneous  alcohol  in  equal 
proportion,  and  heated  until  the  ether  is  evolved,  carrying  with  it  a 
number  of  bye  products,  such  as  sulphurous  acid,  carbonic  acid,  and 
empyreumatic  vapours,  which  must  be  eliminated  by  passing  the  impure 
vapour  through  or  over  liquids,  etc.,  by  which  they  will  become  ab- 
sorbed and  retained.     For  instance,  by  passing  the  adulterated  vapour 
over  potash,  the  carbonic  and  sulphurous  acids  will  be  retained  by  the 
alkali,  the  aqueous  vapour  being   at   the   same  time  carried   away 
mechanically. 

In  the  distillation  of  methylic  ether  on  a  large  scale,  a  great  diffi- 
culty would  be  exp>erienced,  under  ordinary  conditions,  in  getting  a 
liquid,  having  so  low  a  boiling  point  35—25°  Fahr.,  to  flow  through 
the  requisite  pipes.  To  overcome  this  difficulty,  Tellier  designed  the 
special  apparatus  illustrated  in  sectional  elevation  in  Fig.  10,  wherein 
the  vapour,  after  purification,  is  brought  back  to  a  liquid  state  by 
pressure,  and  is  thus  rendered  manageable. 

In  the  drawing,  a,  b,  c  are  large  cast  or  wrought-iron  drums  or 
receivers;  d  is  the  purifier;  e  is  a  special  pump  which  sucks  off  the 
purified  vapour  and  delivers  it  through  the  worm  f  in  a  liquid  state 
i"to  a  set  of  receivers  o,  which  latter  are  capable  of  withstanding  a 
^^ry  high  pressure,  and  from  whence  it  can  be  drawn  off,  and  will 
"Ow  through  the  rest  of  the  apparatus  as  easily  as  water. 

Tellier's  apparatus  for  the  production  of  cold  is  shown  in  elevation 
'^  Fig.  1 1,  wherein  a  is  the  refrigerator ;  b  is  a  receiver  or  vessel  in 
*Wch  the  methylic  ether  is  evaporated ;  c  is  the  pump  for  drawing  off 
^"e  vapour  from  the  latter;  and  d  is  the  condenser,  which  is  fitted  with 
^  suitable  worm  or  coil.  The  vaporised  methylic  ether  is  either  em- 
Pkyed  to  lower  the  temperature  of  a  solution  of  brine,  by  passing  it 
through  a  series  of  tubes  situated  in  the  refrigerator  and  plunged  in 


the  latter;  or  it  is  carried  on  and  permitted  to  expand  in  a  suitable 
system  of  pipes,  and  so  act  direct  to  reduce  the  temperature  of  air- 
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tight  chamiiers.     When  in  operation  it  is  found  that  the  pipes  leadiny 
from  the  receiver  b  are  so  cold  that  they  become  coated  with  1 
frost;  wlulst,  on  the  contrary  when  giving  up  the  absorbed  heat  dui 
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aperture,  the  upper  pnrlio 
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compression  and  liquefaction,  the  gas  raises  the  tulies  to  a  verj'  high 
temperature,  sometimes  even  appnaaching  to  a  red  heat. 

The  liquefaction  of  the  methvlic  ether  in  ihe  worm  or  coil  of  ihe 
condenser  d  ^vea  rise  to  a  certain  amount  of  pressure,  and  to  allow 
for  this,  and  at  the  same  time  to  pennit  a  supply  of  the  liquid  to  pass 
from  the  said  condenser  to  the  evaporattir  b  as  required,  an  expansion 
ralve  or  distributor,  the  construction  of  which  will  be  readily  under- 
stood from  the  enlarged  sectional  view,  Fig.  i2,  is  employed,  E  is 
ihe  aperture  through  which  the  liquid  methvlic  ether  is  delivered  to  a 
small  chamber  or  recess  F.  c  is  the  c 
of  whifh  i*  bifurcated  as  shown  at 
g',  and  which  communicates  with 
[he  refrigerator.  M  is  a  \alve 
having  two  recesses  ii',  which 
correspond  with  the  holes  or  aper- 
tures c'.  and  which  valve  is 
mounted  on  a  spindle  r,  which  is 
capable  of  being  rotated  through  the 
bevd  or  mitre  gearing  K,  and  shaft  t, 
and  works  upon  a  suitable  seating 
in  the  bottom  of  the  re<.f ss  <ir 
chamber  F,  During  the  revolution  of 
ihe  valve  ii  in  the  chamber  f,  which 
latter  is  always  maintained  full  of 
liquefied  methylic  ether,  the  recesses 
h'  become  filled  with  the  latter,  and 
every  time  that  the  said  recesses  pass 

«,«  ,ha  co^pondine  hole,  o,  „„.    ,«S^"„rSEfMS',rE£ 
(/.the  liquid    contamed   therein   falls    Machine.    Vertical  section.' 
by  gravity  inin  the  latter  and  passes 
away  to  the  refrigerator  through  the  outlet  c. 

About  the  same  time  as  the  preceding,  an  ether  machine  was 
patentftJ  by  Delia  Beffa  and  West,  which  comprised  a  multitubular 
refrigerator  in  which  the  ether  was  volatilised,  a  double-acting  air  or 
vacuum  pump  exhausting  this  vessel  and  pumping  the  ether  vapour 
into  a  condenser;  and  likewise  a  special  form  of  the  latter  for  cun- 
Jensing  the  said  ether  vapour. 

The  following  particulars  regarding  an  ether  machine  are  given"  by 
Mr.  I.ighlfoot  as  being  the  result  of  actual  experiments  made  in  thi 
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country,  and  serving  to  show  what  may  be  expected  under  ordinary 
conditions : — 

Prodoctioa  of  ice  pet  twenly-four  hours       ..         ..  15(005. 

„  ,,      per  bour       ..  ..  .,  ..  ,,        1,400  lbs. 

Heal  abstracleil  in  ice-making,  per  hour      . .         . ,  145,000  unils* 

lailicaled  hon^e-power  in  Eteam  cylinder,  eiLludiog  thai 
required  for  circulating  ihe  cooling  water  and  for 
working  cranes,  etc.         ..         ..         ..         ..         ..      83  l.H.P. 

Indicated  horse-puwer  io  ether  pump  ..  4(1]  I. H. P. 

Thermal  equivalent  of  work  in  etbcr  pump,  per  hour  iig,]&i  units" 

Raliu  of  work  in  pump  to  work  in  ice-making        . .  j  to  2'05 

Temperature  of  water  entering  condenser    . ,  , ,  . .        51°  Fahr. 

Mr.  Frederick  Colyer,  C.F,.,  M.I.C.E.,  stalest  that  he  obtained  the 
following  results  with  a  first-class  apparatus  when  testing  the  working 
of  some  of  the  leading  ether  machines,  viz. — "In  an  ether  machine 
made  by  Messrs.  Siebe  Gorman  and  Co.,  capable  of  cooling  3,200  gal- 
lons of  water  from  60"  down  to  50°,  or  abstracting  320,000  heat 
units*  per  hour,  the  average  experiments  gave  4,150  gallons  per  hour 
cooled  to°  Fahr,  The  temperature  of  the  water  at  Ihe  inlet  was  54^, 
and  that  of  the  water  used  for  condensing  purposes  was  the  same. 
The  maximum  cooling  effected  was  449  437  heat  units"  ab- 
stracted per  hotir,  being  from  35  to  40  per  ent.  above 
the  nominal  power  of  the  machine.  The  condens  ng  water  used  per 
hour  was  1,262  gallons,  or  about  3-ioths  of  a  gallon  for  every  gallon 
of  water  cooled.  The  coal  consumed  was  3  4  cwts  per  hour;  it  was 
of  indifferent  quality,  or  the  consumption  \ould  ha  e  teen  smaller. 
The  steam  cylinder  was  ;i  in.  diameter  and  27  m.  stroke;  the  air- 
pump  24  in.  diameter  and  27  in.  stroke.  The  speed  of  the  engine 
was  58  revolutions  per  minute,  with  48  lbs.  of  steam  cut  off  at  one- 
third  of  the  stroke.  The  indicated  power  of  the  engine  was  53  horse 
power,  and  of  the  air  pump,  2<}Z  horse  power.  The  boiler  was  7  ft, 
diameter  and  24  ft.  long,  and  gave  an  ample  supply  of  steam.' 

This,  he  stated,  was  the  most  etEcient  ether  machine  that  had  come 
under  his  notice  at  that  date,  and  contained  several  improvements  not 
usually  found  in  others  of  the  same  class. 

According  to  the  same  authority  the  ether  system  is  more  expensive 
than  the  ammonia  system  (wluch  latter  will  be  considered  in  the  next' 
chapter),  especially  in  London  where  coal  is  expensive,  and  water  has 

■  A  thermal  unit  ii>  that  amouat  of  beat  required  to  rsiic  the  lemperalure  (^ 
1  lb.  of  water  1°  by  the  Fahr,  scale  when  aC  yy^".    Mec.  eij,  778  0. -pounds, 
+  "Proceedings,  In-ilitution  of  Mechanical  Engineers,"  1886,^.248, 
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Frequently  to  be  obtained  from  the  water  companies.  The  latter  item  is 
undoubtedly  in  this  case  one  of  considerable  moment,  as  water  is  re- 
[juired  in  larger  quantities  for  condensing  purposes  in  the  ether  system, 
ind  consequently  the  high  temperature  which  it  sometimes  attains  in  the 
street  mains  during  the  summer  months  becomes  a  matter  of  serious 
importance  as  regards  the  economical  working  of  the  machines. 

Other  objections  to  the  use  of  ether  as  a  refrigerating  agent  are, 
that,  owing  to  its  low  vapour  tension,  a  very  large  volume  has  to  be 
circulated  to  perform  a  given  refrigerating  effect,  thus  abnormally 
increasing  the  dimensions  of  the  apparatus;  rapid  deterioration  under 
repeated  vaporisation  and  re-condensation;  and  finally  that  it  is  ex- 
tremely inflammable  and  explosive.  On  the  other  hand,  however,  it 
is  possessed  of  the  quality  of  working  with  a  low  pressure  in  the 
condenser,  which  renders  its  use  advantageous  in  hot  climates. 

Modem  types  of  ether  machines  will  be  found  dealt  with  in  another 
chapter. 

Van  der  Weyde's  (American)  apparatus  comprises  exhaust  and  force 
pumps,  a  cooling  coil  and  two  refrigerators,  the  latter  also  acting  as 
reservoirs  for  the  condensed  liquid.  The  most  usual  refrigerating 
agents  employed  are  naphtha,  gasoline,  rhigoline,  or  chimogene.*  The 
water  to  be  frozen  is  placed  in  moulds  or  vessels  plunged  in  other  ves- 
sels containing  glycerine,  and  which  latter  are  surrounded  on  the  out- 
side by  cyrogene.  The  naphtha,  gasoline,  rhigoline,  or  chimogene  is 
evaporated  by  means  of  an  air  #pump  and  forced  through  the  refrigera- 
tor, the  evaporation  of  the  cyrogene  abstracting  sufficient  heat  to 
form  ica 

InRaoul  Pictet's  machine  sulphur  dioxide  or  sulphurous  acid  (SO2) 
is  employed  as  a  refrigerating  agent.  Sulphur  dioxide  is  prepared  by 
burning  sulphur  in  dry  air  or  oxygen  gas,  or  by  removing  the  elements 
^^  water,  and  an  additional  atom  of  oxygen  from  sulphuric  acid  by 
heating  it  together  with  copper  clippings  or  mercury.  The  purifica- 
tion of  the  resultant  gas  is  effected  by  washing,  and  it  is  collected  either 
•^y  displacement,  or  over  mercury.  It  is  completely  colourless,  has  the 
overpowering  odour  of  burning  sulphur,  neither  supports  combustion 
^^  respiration,  is  2*247  times  heavier  than  air,  is  easily  condensed, 
IS  liquefiable  by  cooling  down  to  14°  Fahr.  under  ordinary  atmospheric 
pressure,  and  congeals  into  a  transparent  solid  at  temperatures  below 
-168°  Fahr.  This  gas  deviates  considerably  from  Boyle*s  law  of 
pressures,  and  occupies  less  space  for  equal  increments  of  pressure 
than  does   air  under  like  conditions,   this  variation   becoming   more 

♦  JCnight*s  "  Practical  Dictionary  of  Mechanics." 
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marked  as  [he  temperature  is  reduced.  Sulphurous  acid  is  extremely 
soluble  in  water,  one  volume  of  the  latter  at  a  temperature  of  50"^  Fahr. 
lieing  capable  of  dissolving  si'58.  and  at  68'^  36*^2  volumes  of  the 
former.  It  has  a  molecular  weight  of  65  and  a  density  of  32.  The 
latent  heat  of  vaporisation  of  this  liquid  is  iSz,  and  it  boils  at  a  tem- 
perature of  14°  Fahr.  at  the  tension  of  the  atmosphere. 

In  Pictet's  apparatus  the  refrigerator  and  ice-tanlcs  are  combined, 
the  circulation  of  the  brine  being  effected  by  means  of  a  fan,  and  the 
space  occupied  is  thus  considerably  reducefJ,  the  efficiency  being  also 
somewhat  augmented. 

In  1885  Pictet  applied  for  a  British  patent  for  an  improved  mate- 
rial for  use  in  refrigerating  apparatus  wherein  anhydrous  sulphurous 
acid  is  employed,  consisting  of  the  admixture  with  the  latter  of  car- 
bonic anhydride.  The  sealing,  howei'er,  was  successfully  opposed  and 
consequently  no  patent  was  granted  for  this  invention. 

The  employment  of  sulphurous  acid  is  objectionable,  by  reason  of 
its  liability  to  become  converted,  by  combining  with  the  constituents 
of  the  atmosphere,  into  sulphuric  acid  and  to  corrode  the  machine. 
Modem  machines  using  this  agent  are  described  in  another  chapter. 

In  a  patented  machine  of  Windhausen's  the  refrigerating  agent  em- 
ployed is  what  is  indifferently  known  as  carbon -dioxide  (CO2),  carbonic 
anhydride,  or  carbonic  acid,  which  material  is  gaseous  at  ordinary 
temperatures,  and  under  ordinary  pressures,  but  which  liquefies  at  a 
pressure  of  540  lbs.  Carbonic  acid  gas  does  not  bum,  neither  support- 
ing combustion  nor  respiration. 

Windhausen's  apparatus  is  fitted  with  a  pair  of  compressors  placed 
in  line  with  steam  cylinders  of  the  compound  type,  arranged  side  by 
side  with  a  surface  condenser  between  them.  The  gas  condensers  are 
situateiJ  in  the  base  of  the  machine,  ant!  a  separate  refrigerator  is 
provided  in  connection  with  each  of  them,  constructed  of  coils  of 
wrought-iron  pipes  mounted  in  a  steel  casing,  wherrin  the  brine  is 
circulated.  The  duplicate  portions  of  the  machine  are  usually  so  ar- 
ranged as  to  admit  of  either  of  them  being  worked  separately,  or  both- 
together,  if  desircl.  This  is  advantageous  inasmuch  as  it  renders  the 
apparatus  practically  equal  to  two  independent  or  separate  machines, 
and  affords  thesame  immunity  from  a  complete  breakdown.  The  later 
patterns  of  this  machine,  which  will  be  found  describetl  in  anotheC 
chapter,  comprise  se%-ei'al  patented  improvemenU  by  J.  and  E.  HaJI,. 
Ltd.,  who  are  also  the  proprietors  of  the  original  Windhausen  patoit  . 

Fig.  13  is  a  vertical  central  section,  some  of  the  parts  bdng  left  in- 
elevation,  sliowing  the  Windhausen  compressor  for  treating  the  gas  iq' 
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(o  siages.  Figs.  14  and  15  ai 
le  details  of  consi ruction 
[  ihe  inlet  or  suction  valve, 
nd  of  the  outlet  or  dischai^e 
iJva  Ab  will  lie  seen  from 
Jhe  illustration  the  inner 
^linder  a  is  surrounded  by  an 
ViDuJar  space  communicating 
with  the  former  through  ihe 
Tilve  D;  c  is  the  inlet  which 
communicates  with  the  cylin- 
through  a  suiialile 
Tilve,  and  through  wWch  ihe 
gas  to  be  compressed  is  drawn 
M  sucked  into  the  cylinder: 
,  the  piston,  and  e  is  a 
Talve  through  which  the  annu- 
lar space  or  clearance  rouml 
the  cylin^lcT  a  communicates 
with  a  pipe  leading  to  the 
condenser. 

operation    the    gas    is 

primarily  drawn  into  the  cjlin- 

iler  A,  through  the  inlet  valve 

where    it    is    compressed, 

ind   dischajged    through   the 

valve  D  to  the  above-mentioned  annular  space,  wherein  it  is  finally 

compressed  liy  the  oil  shown  in  the  latter  and  the  cylinder  A,  which 

'-tmrnunicate  at  their  lower  ends  through  suitable  holes  or  apertures, 

bid  which  oil  forms  a  liquid  piston.     After  this  second  and  final  com- 

L  presdon  the  gas  is  discharged  through  the  valve  e  to  the  condenser. 

Another  machine  adapted  for  the  use  of  carbon  dioxide  as  a  re- 

bigerating  agent  is  found  in  that  of  Lowe.     It  comprises  a  gasometer 

Bdt  gas-holder,  a  pump,  a  conden.ser  or  cooler,  a  drier  charged  with 

■diloride  of  calcium,  a  water-cooled  condensing  coil,  and  a  refrigerator 

Btr  ice-malcing  tank.     In  operation  the  gas  is  admitted  to  the  pump, 

l/fiquelied  under  the  acrion  thereof,  and  the  heat  thus  generated  is  ab- 

nrbed  or  taken  up  in  the  cooler,  after  which  it  is  allowed  to  expand 

i>  the  refrigerator,  where  il  acts  in  the  usual  manner,  and  is  finally 

turned  to  the  gas-holder. 

A  number  of  other  refrigerating  machines  on  the  carbonic  acid 
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or  carbonic    anhydride   system    will   be    (ound    liescribed    in    aiiL'ther 
chapter. 

Carbonic  acid,  carbon  dioxide,  or  carbonic  anhydride  (CO,;)  is 
completely  inodorous;  incombustible;  and  has  the  further  advantage 
that,  as  it  has  no  affinity  for  copper,  it  can  be  used  with  that  metal  with 
impunity.  This  is  an  important  quality  for  marine  installations,  and 
consequently  it  has  been  used  to  a  large  extent  for  that  purpose.  On 
ihe  other  hand,  however,  its  presence  in  quantity  is  fatal  to  animal 


r 


Fig.  14.— Suciion  Valve  .if  Windhau' 
Com  pressor,  foi  Ircating  Ihc  gas  it 

IWQ  SLlgCE,. 


"ig.    IS.— Outlet  0[  Dischaige  Valve 
of  Windhaustn  Compressoi,  for 
ircatinj;  thi;  gas  in  iwo  stages. 


existence,  and  it  h^s  the  further  drawback  that  with  the  cooling  watet 
at  a  high  temperature,  it  requires  a  considerable  pressure  to  liquefy  i^ 
viz.,  with  condensing  water  at  a  temperature  of  70°  Fahr.  it  would' 
require  a  pressure  amounting  to  about  1,000  lbs.  per  square  inch. 

Carbonic  acid  or  carbon  dioxide  must  not  be  mistaken  for  the 
still  more  deadly  gas  known  as  carbon  monoxide  or  carbonic  oxide 
gas  (CO),  the  inhalation  of  even  a  minute  quantity  of  which  will  pro- 
duce death.  Carbonic  acid  or  carbon  dioxide  (CO2),  which  is  Ihe 
gas  found  at  the  bottom  of  old  wells,   etc,   am]   forms  the  choke-^ 
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damp  of  coal  mines,  is  nevertheless  sufficiently  dangerous,  and  accord- 
ing to  Sir  Henry  E.  Roscoe,  F.R.S.,  air  permanently  contaminated  with 
01  per  cent,  (i  part  per  1,000)  of  this  gas  is  rendered  unfit  for  con- 
tinued respiration.  The  same  authority  gives  the  vapour  tension  of 
carbon  dioxide  or  carbonic  acid,  at  35*5  atmospheres  at  a  temperature 
of  0°  Cent.  (32®  Fahr.),  and  at  73*5  atmospheres  at  a  temperature  of 
30°  Cent  (86°  Fahr.V 


CHAPTER  VI. 
THE  COMPRESSION  PROCESS  {cotitmucd). 

Ammonia  Macliinc*. — Properties  of  Ammonia. — Cycle  of  Operations  — Wet  aiid  DfJ 
Ciimpreision  Principle. — Construction  of  Gas  CompreBsors. — Various  Eiamplcf 
of  Modem  Machines.  ^ 

A  REFRIGERATING  agent  now  very  lat^ely  employed,  and  considered 
by  many  the  most  efficient  one  known  at  present,  is  anhydrotis 
monia  (NH3),  which  has  a  molecular  weight  of  j  7  and  a  density  of  8-5 
This  liquid  boils  at  40"  below  zero  Fahr.  at  atmospheric  pressure 
has  a  latent  heal  of  vaporisation  of  900,  and  a  vapour  tension  of 
llis.  per  square  inch  at  a  temperature  of  60^  Fahr.  Gaseous  ammooi] 
can  be  liquefted  at  a  pressure  of  128  lbs.  to  the  square  inch,  at 
temperature  of  70°  Fahr,,  and  at  a  pressure  of  150  lbs,  at  a  temperatuR 
of  77"  Fahr.,  the  pressure  required  to  produce  liquefaction  rising  veq 
rapidly  with  the  temperature.  To  liquefy  by  cold  it  requires  to  b^ 
reduced  to  a  very  low  temperature,  viz.,  — 85 's"  Fahr,  The  latent  h« 
of  ammonia  is  very  great,  consequently  its  value  as  a  re&igeTatiD| 
agent  is  proportionately  large.  Anhydrous  ammonia  is  manufactured 
which  contains  only  ■025  per  cent,  of  moisture. 

The  only  alterations  required  in  an  ether  machine  to  render  it 
able  for  use  with  anhvilrous  ammonia  as  a  refrigerating  agent, 
those  made  necessary  by  reason  of  the  higher  pressure  of  its  vapom 
and  of  the  injurious  action  which  it  exercises  upon  copper,  whicj 
causes  the  use  of  brass  or  gun  metal  in  any  of  the  parts  with  whii 
either  the  Uquid  or  the  vapour  comes  in  contact  to  be  undesirably 

This  latter  quality  is  a  serious  drawback  to  its  use  for 
work,  as  is  also  its  inflammable  and  irritant  nature  in  case  of  an  escape 

The  chief  advantages  derived  from  the  use  of  anhydrous  ammotul 
as  a  refrigerating  agent  are  that  it  possesses  greater  heat-absoibin( 
power  than  any  of  the  others  named,  excepting  water;  that  it  UquefiS 
at  a  comparatively  low  pressure;  and  that  it  is  not  as  explosiv 
as  inflammable  as  ether. 

Ammonia  is,  however,  very  far  from  being  innocuous  and  safe, 
due  precautions  should  be  taken  to  avoid  accidents  where  it  is  in 
It  is  a  colourless  irrespirable  gas,  having  an  extremely  pungent,  peci 
liar,  and  easily  recognisable  odour,  and  it  is  also  slightly  combusdl 
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when  mixed  with  a  sufficient  proportion  of  air,  burning  feebly  with  a 
flarae  of  a  greenish-yellow  hue,  and  when  mixed  with  about  twice  its 
volume  of  air,  being  capable  of  exploding  with  considerable  violence. 
From  this  it  will  be  clear  that  it  is  absolutely  essential  that  no  part 
of  an  ammonia  apparatus  should  have  a  naked  light  inserted  into  it, 
until  it  has  been  open  and  exposed  to  the  air  for  a  sufficient  time  to 
render  the  presence  of  such  light  harmless.  The  tendency  of  ammonia 
gas,  owing  to  its  being  only  half  the  weight  of  air,  is  to  rise  when  set 
free,  so  that  there  is  the  less  likelihood  of  any  person  who  might  chance 
to  be  near  when  an  ammonia  pipe  happens  to  burst,  or  a  bad  leak  to 
take  place,  becoming  overpowered  by  the  gas. 

An6ther  objectionable  feature  of  ammonia,  which  has  been  already 
alluded  to,  is  its  very  strong  action  on  copper  and  its  alloys,  by  reason 
of  which  no  such  material  can  be  employed  for  any  part  of  an  ammonia 
machine. 

Common  ammonia  of  commerce  is  a  solution  of  ammonia  gas  in  water, 
and  its  usual  strength  is  26°  Beaum^.*  Anhydrous  ammonia  is  pure 
dry  ammonia  gas  compressed  to  a  liquid,  and  it  is  manufactured  by 
the  distillation  of  the  ordinary  26°  ammonia  of  commerce  in  a  suitable 
apparatus.  This  apparatus,  which  should  be  of  sufficient  strength  to 
stand  a  pressure  of  65  lbs.  on  the  square  inch,  comprises  a  still,  a  con- 
denser, these  separators,  and  a  drier  or  dehydrator.  The  still  is  heated, 
by  a  suitable  steam  coil,  to  a  temperature  of  about  212^  Fahr.,  when 
the  ammoniacal  gas,  together  with  a  certain  amount  of  water,  passes 
^ff  into  the  first  separator,  which  latter  is  usually  situated  on  the  top 
of»aad  forms  an  upward  extension  of,  the  still.  In  this  first  separator 
the  greater  portion  of  the  watery  particles  carried  over  are  eliminated 
by  a  series  of  perforated  plates,  through  which  perforations  the  gas  has 
to  pass,  and  are  returned  to  the  still  through  a  dip  pipe.  From  this 
fot  separator  the  partially  dried  gas  passes  through  a  water-coole<l 
*omi  in  the  condenser,  and  then  successively  through  the  two  other 
separators  to  the  drier  or  the  dehydrator,  where  it  is  passed  through 
a  set  of  similarly  perforated  plates  to  those  in  the  first  separator,  but 
baving  small  sized  lumps  of  freshly  burnt  lime  placed  upon  them,  by 
which  any  moisture  that  may  still  remain  in  the  gas  is  removed,  and 
the  completely  anhydrous  product  can  then  be  passed  into  the  am- 
monia pump  or  compressor. 

It  is  found  advisable  to  work  the  still  at  a  pressure  of  about  30 
Ibg.  to  the  square  inch,  so  as  to  admit  of  its  being  raised  to  a  slightly 
higher  temperature  than  the  boiling  point  of  water  at  atmospheric 

♦  Sec  Table  of  Comparison  of  various  hydrometer  scales,  p.  538-9. 
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pressure,  without  causing  the  water  to  "boil,  tlie  result  of  this  being  that 
the  whole,  or  practically  the  whole,  of  the  ammonia  will  be  set  free, 
whilst  at  the  same  time  the  least  possible  amount  of  the  water  will  be 
vaporised  and  pass  o\'er  with  the  ammonia  gas. 

To  ascertain  whether  or  not  all  the  ammonia  has  been  eliminated, 
two  methods  of  testing  the  charge  in  the  still  are  usually  practised. 
The  first  is  to  draw  off  a  sm.ill  quantity  of  the  charge,  and  if  this  fails 
to  turn  litmus  paper,  then  the  charge  is  exhausted,  and  all  the  am- 
monia has  been  driven  off.  The  second  is  to  allow  a  small  amount  of 
the  gas  lea^'ing  the  still  to  escape  through  a  small  cock  or  valve 
specially  provided  for  the  purpose,  whwi  if  this  gas  be  tested  with 
turmeric  paper,  and  if  this  latter  remains  unchanged  in  colour  (yellow), 
the  charge  is  completely  spent;  if,  however,  the  paper  on  the  con- 
trary turns  of  a  brown  hue,  there  is  still  some  ammonia  left. 

After  the  distillation  is  finished  the  water  remaining  in  the  still 
should  be  run  out,  and  as  soon  as  the  temperature  of  the  latter  is 
sufficiently  lowere;!  it  can  be  again  charged.  The  water  accumulating 
in  the  second  and  third  separators,  being  saturated  with  ammonia  gas, 
may  be  returned  into  the  still  when  recharging  the  latter.  The  amount 
of  ammonia  water,  however,  that  becomes  deposited  in  the  sepa- 
rators will  be  very  small  if  the  pressure  in  the  still  is  maintained  it 
about  30  lbs.,  as  above-mentioned. 

The  lime  in  the  drier  or  dehydrator  must  be  removed  whenever  it  i« 
found  to  have  become  in  any  degree  slacked. 

Commercial  ammonia  of  26°  Beaume  contains  38'5  per  cent.  01 
anhydrous  ammonia  by  \olume,  it  is  therefore  easy  to  calculate  frond 
this  the  quantity  that  it  would  be  necessary  to  distil  in  order  to  produC* 
any  given  amount  of  anhydrous  ammonia. 

Ammonia  gas  or  vapour  is,  owing  to  its  searching  nature,  veiy 
troublesome  to  deal  with,  even  at  a  low  pressure,  consequently  ttu4 
difficulty  is  greatly  increased  by  the  comparatively  high  pressure  CM 
tenuity  that  is  obtained  in  a  compression  machine,  and  which  luol 
in  the  condenser  to  as  much  as  180  lbs.  per  square  inch.  Liability  t( 
leakage  of  the  ammonia  gas  at  the  pump  glands  and  other  parts  of  Cb< 
apparatus  forms,  therefore,  one  of  the  objections  to  the  use  of  anunonlA 
as  a  refrigerating  agent,  and  the  means  employed  to  prevent  this  leak) 
age  one  of  the  chief  points  of  difference  between,  ammonia  and  etln 
machines.  Another  difficulty  to  overcome  is  the  liability  to  an  impei 
feet  discharge  of  ihe  gas  from  the  compressor-pump,  and  the  expansiij 
and  consequent  back  pressure  of  that  remairang  therein. 

The  most  important  part  of  an  ammonia  machine  working  on  tB 
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compression  principle,  and  indeed  of  all  appuraius  wherein  a  voIatiJe 
liqoid  is  compressed,  Js  the  gas  compressor.  In  ammonia  machines 
both  single  and  double-acting  compressors  are  employed.  A  single- 
acting  compressor  has  the  ad\antage  when  working  wilh  a  gas  of  the 
tenuity  of  ammonia,  owing  to  its  only  carrying  the  lesser  pressure  of 
the  suction  side  over  the  stuffing  box,  of  preventing  the  stuffing  box 
ftom  being  subjected  to  the  high  pressure  of  the  condenser,  which 
1^  unavoidably  done  at  the  termination  of  each  stroke  in  a  double- 
i.iing  compressor,  and  on  this  account  the  chance  of  leakage  is,  of 
I  uurse,  greatly  reduced.  On  the  other  hand,  however,  it  is  obvious 
iha(  a  double-acting  compressor  must  be  more  ailvaniagcous  from  an 
economical  point  of  view,  inasmuch  as  it  deals  with  ntiarly  twice  the 
imount  of  gas  at  each  revolution  of  the  crank-shaft  that  a  single-acting 
i.omprcssor  of  the  same  diameter  and  stroke  is  capable  of  operating 
mxjn.  Moreover,  the  same  amount  of  friction  is  eutgendered  in  each 
ise  (although  with  a  double-acting  compressor  double  the  duty  is 
lifing  performed),  at  least,  so  far  as  regards  the  friction  of  such  moving 
puts  as  (he  cross-head,  piston,  and  connecting-rod — which  friction 
'-luses  no  inconsiderable  loss,  for  to  overcome  friction  power  has  to 
be  eipended,  and  waste  of  power  means  loss  of  fuel,  i.e.,  money.  But 
in  J  double-acting  compressor  a  considerable  amount  of  extra  friction 
i'  caused  by  the  necessity  of  working  with  a  tighter  gland.  Taking 
f'aything  into  consideration,  however,  it  is  estimated  that  the  amoiml 
"(saving  effected  in  a  machine  having  two  gas  compressors  may  be 
jiliced  at  one-eighth  of  the  whole  amount  of  power  required  for  com- 
|)ressing  the  gas.  A  further  economy  is  that  a  double-acting  compressor 
li  capable  of  performing  the  work  of  a  pair  of  single-acting  ones  of  the 
^ame  si^e,  and  consequently  there  is  a  saving  in  the  first  cost  of  the 
apparatus  and  in  space  occupied. 

The  constrUL'tion  of  a  gas  compressor  for  operating  with  ammonia 
i'ss  not,  as  already  mentioned,  vary  in  any  very  material  point  from 
'hal  of  one  intended  to  work  with  ether,  and,  however  much  they  may 
"ffer  from  one  another  in  minor  points  of  detail,  they  all  work  upon 
''if  following  broad  principles,  viz. ; — 

The  gas  compressor,  which  is  operated  by  a  steam-engine  or  other 
'"liable  motor,  draws  the  gas  or  vapour  from  the  evaporating  coils  or 
'i:h»  of  the  refrigerator  after  it  has  performed  its  duty  of  cooling,  com- 
['feises  it  on  the  return  stroke  of  the  piston,  and  forces  it  into  a  system 
'series  of  pipes  or  coils  in  the  condenser,  in  which  coils,  under  the 
'■"fling  action  of  water,  it  resumes  its  liquid  form.  From  thi 
'^nser  it  is  again  passed  in  the  liquid  state,  through  a  minute  opening 


i 


52  REFRIGERATION  AND  COLD  STORAGE, 

of  the  expansion  or  regulating  cock,  into  the  evaporating  coils  or  taba 
of  the  refrigerator,  wherein  it  again  expands  into  gas  or  vapour,  oiii| 
to  the  diminished  pressure  there  prevailing,  by  reason  of  the  sudi| 
action  of  the  gas  compresfor.     The  pressure  in  the  pipes  or  coils  a 
the  refrigerator  is  U5ual!\  maintained  at  from  15  lbs.  to  30  lbs.,  lUjt 
that  in  the  condenser,  as  above-mentioned,  may  rise  as  high  as  180 Ik 
the  former  depending  of  course  on  the  amount  of  opening  given  to  At 
expansion   rf^\i.     The   liquid   ammonia    passing    suddenly  from  tk 
abo\  e  high  pressure  of  the  condenser  to  the  comparatively  low  pressoB 
in   the  refrigerator,   instantly  flashes  into  gaseous    form,   and  wink 
rloing  so,  in  conformity-  with  the  well-known  natural  law,  b  foceS 
to  absorb  a  quantity  of  heat  n-hich  it  renders  latent ;  this  it  does  fiw 
the  surrounding  objects,  which  in  the  present  instance  are  either  tfae 
pipes  or  coil  in  the  refrigerator,  and  the  brine  circulating  round  tiie 
latter,  or  when  used  for  cooling  on  the  direct  system,  the  sets  of  refri- 
gerating pijxfs  into  which  it  is  passed  and  the  surrounding  air. 

In  onler  to  avoir]  any  chance  of  accidents  occurring  throu^  tk 
machine  being  started  with  all  the  valves  closed,  a  suitable  reliefer 
safety  valve  anrl  by-pass  should  invariably  be  provided. 

I^xpressed  generally,  then,  the  cycle  of  operations  in  machines  as 
the  ammonia  compression  system  is  the  same  as  that  of  those  describd 
in  the  preceding  chapter,  viz.,  compression,  condensation,  and  expan- 
si(»n  ;  and  the  said  machines,  no  matter  how  they  may  differ  in  more  or 
less  iriiportaiit  pr>ints  of  constructional  detail,  must  all  likewise  consist  | 
of  thr(»e  difT<rrent  parts,  viz.,  a  compression  side,  a  condensing  side,  anr. 
an  frxi)ansi()n  side  (see  Fig.  8).  The  operations  are  rendered  coo- 
timious  by  suitably  connecting  all  these  sides  or  parts  together  so  that 
ilir  gas  i)asses  through  them  in  the  above  order. 

Ammonia  compression  machines  are  operated  on  two  systems,  >t2, 
\v(!t  c:omj)re.ssi()n  and  dry  compression,  and  as  regards  the  respective 
merits  of  thes(j  systems  theoretically,  considerable  diversity  of  opiniot 
sfrems  to  exist.  J 11  practical  work,  however,  it  will  be  found  that  wha: 
anr  UirnnNJ  <lry  <'(jmpression  machines  work  more  or  less  wet,  and 
therefor*!,  the  eflicieney  as  regards  this  point  is  about  the  same  in  the 
cas(?  of  both  tyj)(»s  of  machines. 

When  intended  to  work  on  the  wet  compression  system  the  expan- 
sion ciH'k  or  valvt»  is  adjusted  in  such  a  manner  that  the  vapour  wil! 
como  back  to  the  (compressor  in  a  supersaturated  condition,  with  the 
nvsult  that  this  surcharge  of  liquid  becomes  evaporated  during  the 
compression  stage,  absorbing  the  required  quantity  of  heat,  and  main- 
taining a  correspiMidingly  low  temperature  in  the  compressor  cylinder. 
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An  obvious  objection  to  this  method  of  working  is  the  constant  liability 
of  too  large  a  quantity  of  liquid  finding  its  way  into  the  compressor 
cylinder,  the  result  of  which  would  be  the  filling  of  clearance  spaces 
with  liquid  ammonia,  which  latter  would  re-expand  upon  the  return 
stroke  of  the  piston,  and  take  up  space  which  is  required  for  the  recep- 
tion of  the  inflowing  gas  or  vapour. 

With  a  machine  adapted  to  work  on  the  dry  compression  system, 
the  expansion  cock  or  valve  is  so  adjusted  that  the  whole  of  the  liquid 
ammonia  admitted  to  the  expansion  coil  will  become  expanded  into 
gas  or  vapour,  and  the  latter  consequently  reaches  the  compressor 
cylinder  in  a  dry  condition,  superheating  taking  place  during  compres- 
sion.    It  will  be  observed  that  this  plan  admits  of  the  full  value  of  the 
liquid  ammonia  being  utilised  for  purposes  of  refrigeration,  a  draw- 
back being  experienced,  however,  by  reason  of  the  higher  pressure 
which  becomes   necessary  to  liquefy   the   ammonia,   and   the  larger 
amount  of  heat  generated  which  calls  for  special  cooling  arrangements 
for  its  removal.     For  this  reason  in  this  system  compressors  are,  as 
before  mentioned,  usually  worked  partly  wet. 

The  principal  qualities  to  be  sought  for  in  a  compressor  in  order 
to  ensure  the  maximum  amount  of  efficiency  are : — As  complete  a  dis- 
charge from  the  compressor  cylinder  of  the  gas  during  compression  as 
is  practically  feasible,  and  the  removal  during  compression  of  the 
greatest  possible  amount  of  heat  from  the  gas.  Amongst  other  points 
of  importance  are  the  perfection  of  the  means  provided  for  preventing 
any  leakages  taking  place  at  the  stuffing  box,  pistons,  and  valves,  and 
of  those  for  ensuring  the  proper  lubrication  of  the  working  parts  of  the 
tnachine. 

Of  these  desiderata  the  first  is  the  most  important,  and  it  is  thus 
specially  desirable  to  see  that  the  compressor  possesses  all  the  requisite 
conditions  to  ensure  its  fulfilling  its  purpose  in  the  best  possible 
nuuiner.  One  method  of  effecting  the  desired  object  is  by  the  injec- 
tion of  a  certain  amount  of  sealing  oil  into  the  cylinder  at  each  stroke 
of  the  piston,  which  oil  forms  what  is  called  a  liquid  base.  The  injec- 
tion of  this  oil  serves  not  only  the  purpose  of  sealing  the  piston,  but 
also  lubricates  the  latter  and  the  valves,  and  prevents  leakage  at  the 
stufling  box,  and  that,  moreover,  owing  to  the  small  amount  of  such 
sealing  oil  that  is  employed,  without  appreciably  reducing  the  capacity 
of  the  machine. 

The  practically  complete  discharge  of  the  charge  of  ammonia  from 
tbe  compressor  cylinder,  at  each  stroke  of  the  piston,  can  also  be 
^ured  by  allowing  the  latter  to  work  right  up  to  the  heads  without 


[ 


54- 


REFRIGERATION  AXD   COLD  STORAGE. 


rlearance.  In  ihe  orLlinary  form  of  compressor  this  would  of  com 
give  rise  to  a  great  liability  of  knocking  out  ihe  cylinder  head  in  tha 
event  of  any  foreign  body  or  obstruction  obtaining  access  to  thfl 
cylinder,  but  such  action  is  rendered  possible  with  perfect  safety  by 
arranging  the  head  that  it  is  loose,  hut  normally  retdned  in  position 
by  means  of  suitable  springs.  In  this  manner  the  head  forms  prac- 
tically a  large  relief  valve  adapted  to  open  should  the  pressure  in  the 
compressor  cylinder  from  any  cause  exceeil  that  requisite  to  produ( 
liquefaction  of  the  ammonia  gas. 

The  diagram  Fig.  i6,  which  is  i 
tended  to  represent  the  cylinder  of 
single-acting     compressor,     illustrates 
the  loss  due  to  clearance  spaca     Ai 
is  well  known,  according  to  Boyle's 
or  Harriot's  law  the  volume  of  gai 
will  vaiy-  in  an  inverse  proportion  to 
the  pressure.     Assuming,    then, 
the  pressure  of  the  gas  on  entering, 
the  cylinder  a  be  20  lbs.  per  square 
inch,  and  that  of  the  condenser  il 
lbs.  per  square  inch,  it  will  be  so 
that  if  the  piston  B  is  moved  into  thff 
position  shown  in  dotted  lines  at 
throMgh   a  stroke   of   9    inches,    and 
neglecting  loss  of  heat  during  coi* 
pression,  the  pressure  of  the  gas  will 
be   increased    nine   times,    whilst   iCi 
volume  will  have  become,  at  the  saAU 
time,  correspondingly  reiluced  to  onS 
ninth  of  its  original  volume,  and  thii 
pressure  of  180  lbs.  per  square  inci 
is  that  at  which  it  is  required  thai 
the  gas  should  leave  (he  cylinder  a. 
If  the  clearance  space  left  between  the  piston  b  at  the  terminatii 
of  its  stroke,  and  the  cylinder  head  c,  he  one  inch,  it  is  obvious  thv 
the  gas  at  a  prts-sure  of  180  lbs,  per  square  inch  left  in  this  clearand 
space  will  re-expand  until  the  pressure  becomes  re<iuced  or  decn 
to  a  ninth  of  what  it  was  originally,  or  to  20  lbs,  per  square  inch 
whilst  the  volume  will,  al  the  same  time,  be  increases!  to  nine  tinm 
what  it  was  before.     It  will  be  seen  that  in  such  a  case  as  the  aboi 
the  inch  of  gas  at  180  lbs.  pressure  would  re  expand  into  9  inches  i 


Fig.  i6.  —  Di.igram  illuslrnlinj; 
Loss  due  to  Clearance  Space  1 
Compressor  Cylinder. 
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i  at  ao  lbs.  pressure,  am!  that  consequently  the  entire  efficiency  of 
-he  compressor  would  be  lost,  as  this  back  pressure  in  the  cylinder  of 
20  lbs.  per  square  inch  is  that  of  the  entering  gas,  anil  would  thiis 
render  impossible  the  entrance  of  any  more  gas.  Were  the  stroke  of 
the  piston  b,  on  the  other  hand,  to  be  the  full  length  nf  the  cylinder  a, 
ao  that  no  clearance  be  left  at  its  termination  between  it  anr!  the 
rylinder  head,  it  will  be  seen  that  all  the  gas  would  be  expelled  from 
the  cylinder  when  it  reaches  that  point,  and  consequently  its  efRciency, 
su  far  as  this  is  concerned,  would  be  practically  perfect.  In  practice, 
however,  it  is  found  impossible  to  construct  onjinary  compressors  with- 
out a  certain  amount  of  clearance  at  the  termination  of  their  strokes,  it 
becomes  necessary,  therefore,  to  find  out  what  is  the  minimum  amount 
that  can  be  allowed  compatible  with  safety  of  working,  and  also  how 
best  to  arrange  the  clearance  so  that  the  loss  due  to  it  will  represent 
as  small  a  percentage  of  the  entire  work  of  the  compressor  as  practicable. 
Obviously,  whatever  the  space  in  the  cylinder  that  will  be  occupied 
by  the  gas  left  in  the  clearance  space  after  it  has  re-expanded  to  a 
pressure  of  20  lbs.  per  square  inch  on  the  return  stroke  of  the 
piston,  the  space  thus  occupied  will  represent  the  loss  of  efficiency, 
Say  for  example,  that  we  have  a  cylinder  of  10  inches  in  diameter, 
bv  10  inches  stroke,  and  that  a  clearance  of  one-eighth  of  an  inch  he 
left  at  the  termination  of  the  stroke,  with  this  clearance  tilled  with  gas 
M  a  pressure  of  180  lbs.  per  square  inch,  the  space  filled  by 
this  gas  on  the  return  stroke  of  the  piston,  when  the  gas  remaining 
over  has  expanded  down  to  a  pressure  of  10  lbs.  per  square  inch, 
will  he  ij^  inch,  and  the  loss  of  efficiency  will  consequently  be  equal 
to  about  1 1  per  cent.  If,  however,  we  now  assume  that  the  diameter 
of  the  cylinder  be  still  retained  at  10  inches,  whilst  the  length  of 
stroke  be  doubled,  or  increa.sed  to  20  inches,  the  loss  of  efficiency  will 
obviously  he  reduced  to  5^  per  cent,,  whilst  by  again  in  like  manner 
increasing  it  to  40  inches,  and  subsequently  to  60  inches,  it  will  be 
reduced  to  2}l  per  cent,  and  i-Ji  per  cent,  respectively,  and  so  on, 
the  greater  the  ratio  between  the  diameter  and  the  stroke  the  less  will 
be  the  loss  of  efficiency  due  to  the  clearance  left  in  the  cylinder  al 
the  end  of  the  stroke  of  the  piston. 

In  actual  practice,  however,  there  is  a  limit  to  the  amount  of  the 
ratio  between  the  diameter  and  the  stroke  that  can  be  used  with,  due 
regard  to  economy  nf  working.  The  practice  in  this  respect  amongst 
builders  of  refrigerating  machinery  varies  considerably,  some  employing 
a  ratio  of  two  to  one,  whilst  some  others  use  less,  and  others  again 
more.  Mr.  Peter  Neff,  from  whose  articles  upon  "  Mechanical  Refri- 
geration "  {Hew  York  "  Engineer  "},  and  from  an  aWvii^ii^v  ci^  \^cs.t 
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articles  which  appeared  in  "  British  Refrigeraiiuti,"  much  uf  ihis  infor- 
mation has  been  derived,  recommends,  as  the  result  of  his  experience, 
a  stroke  of  three  times  the  diameter  as  being  that  giving  the  most 
favotuable  results. 

Another  important  point  is  to  see  that  no  unnecessary  amount  of 
clearance  space  be  left  at  the  inlet  an<l  discharge  valves.  In  the 
case  of  a  single-acting  compressor  of  the  verticaJ  t>-pe,  this  is  a  com- 
paratively easy  matter,  an  the  inlet  vaJve  can  be  arranged  flush  with 
the  top  of  the  piston,  and  the  outlet  or  discharge  valve  flush  with  the 
head  of  the  cylinder,  thereby  reducing  as  far  as  possible  loss  from  the 
re-expansion  of  ajiy  gas  remaining  between  the  seats  of  the  valves 
and  the  interior  of  the  cylinder.  This  difficulty  is  not,  however,  by 
any  means  so  easily  overcome  in  a  double-acting  compressur  of  the 
horizontal  type,  although  many  more  or  less  ingenious  arrangements 
have  been  devised  for  the  purpose,  one  of  the  most  efficacious  of 
which  is  perhaps  that  wherein  cages  containing  the  valves  are  so 
mounted  in  the  cylinder  that  the  seats  of  the  valves  will  be  brought 
into  close  proximity  with  the  interior  of  the  latter. 

Even  in  the  case  of  the  best  possible  designs  of  compressors  of  the 
ordinary  tj-pe,  there  must  be  an  unavoidable  appreciable  loss  of  effi- 
ciency from  back  pressure,  but,  on  the  other  hand,  they  are  of  very 
much  simpler  construction,  and  can  be  built  considerably  cheaper  than- 
those  provided  with  special  means  for  avoiding,  or  rather  minimising,' 
this  loss,  whilst  at  the  same  time  they  are  found  to  be  perfectly  well 
able  to  perform  the  work  required  of  them.  It  must  al.so  be  borne  in 
mind  that  upon  the  engineer  in  charge  of  the  plant,  and  the  care  which 
he  expends  to  see  that  the  valves  are  working  satisfactorily,  etc.,  elc^ 
tlepends  to  a  considerable  extent  the  greater  or  lesser  efficiency  of  thK; 
compressor  under  his  charge. 

In  the  De  La  Vergne  type  of  ammonia  compressor,  which  is 
in  this  country  by  L.  Sterne  and  Co.,  I,imited,  the  characteristic 
feature  consists  in  the  patented  system  for  pre^■enting  the  occtir- 
rence  of  any  leakage  of  gas  taking  place  past  the  stuffing  Imjx, 
piston,  and  valves,  and  of  extracting  the  heat  from  the  gas  duriniJ 
compression,  by  the  simple  device  of  injecting  into  the  compressor,! 
at  each  stroke,  a  certain  quantity  of  oil  or  other  suitable  lubricating 
fluid.  By  means  of  this  sealing,  lubricating  and  cooling  oil,  not  only 
are  the  stuffing  box,  jiislon,  and  valves  effectually  sealed,  and  the  heat 
developed  during  compression  taken  up,  but  all  clearances  are  Kitiretf 
filled  up.  This  latter  is  a  matter  of  great  importance,  as  it  ensure) 
a  complete  discharge  of  the  gas  from  the  pump  cylinder,  and  obviat< 
the  above-mentioned  loss  of  power  and  efficiency. 
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This  method  of  sealing  the  stuffing  box  and  piston  enables  the 
leakage  and  consequent  introduction  of  air  into  the  pump,  or  drawing 
out  or  wasting  of  a  volume  of  the  refrigerating  gas  at  each  alternate 
stroke  of  the  piston,  to  be  effectually  prevented  without  necessitating 
the  packing  of  the  said  piston  and  gland  so  tightly  as  to  bind  and 
set  up  an  excessive  amount  of  friction,  the  power  required  to  overcome 
which  has  been  sometimes  found  to  exceed  that  necessary  to  perform 
the  entire  work  of  compression.  Moreover,  when  working  constantly 
against  a  pressure  of  from  125  to  180  lbs.,  it  is  obvious  that  the 
slightest  wear  would  cause  a  considerable  leakage  of  gas  to  take  place 
past  the  piston  into  the  adjoining  chamber,  and  like  difficulties  would 
also  be  encountered  with  the  valves,  allowing  the  ga.s  to  regain  access 
to  the  pump  cylinder  by  leaking  past  the  discharge  valves,  or  to  be 
re-admitted  to  the  suction  side  past  the  corresponding  valves.  The 
losses  occasioned  in  this  manner  through  abnormal  friction,  and  the 
reduction  in  efficiency  and  loss  of  valuable  material  through  leakages, 
constitute  in  some  machines  a  very  large  item,  and  are  the  chief  cause 
of  failure  to  give  satisfactory  results. 

It  is  claimed  by  the  inventor  that  the  oil  injected  into  the  com- 
pressor cylinder  for  the  above-mentioned  sealing  purposes  not  only 
effectually  overcomes  the  above  difficulties,  but  also  acts  in  a  more 
efficient  manner  to  absorb  or  take  up  the  heat  generated  during  com- 
pression by  the  mechanical  energy  exerted  by  the  compress9r  piston 
or  plunger  upon  the  gas  than  does  a  water-jacket  to  the  cylinder  and 
hollow  water-cooled  piston  and  rod,  the  useful  effect  of  which  latter  is 
to  a  great  extent  prevented  by  the  thickness  of  metal  required  in  a 
pump  destined  to  work  at  a  high  pressure.     In  order  to  ensure  the 
highest  efficiency  in  a  compressor,  it  is  essential  that  the  heat  generated 
by  the  act  of  compressing  be  eliminated  as  far  as  practicable,  as  other- 
wise the  said  heat,  by  expanding  the  gas  itself  during  compression, 
increases  its  volume,  and  consequently  necessitates  an  opening  of  the 
discharge  valve  prior  to  the  time  that  would  be  required  were  the 
gas  cooled  during  compression.       It  is  obvious  that  all  the  energy 
expended   in    effecting   such   premature   discharge   of    the   increased 
volume  of  gas  is  so  much  loss. 

The  oil  used  is  of  a  special  quality,  which  is  unaffected  by  the 
chemical  action  of  the  ammonia,  it  being  absolutely  essential  that  it 
be  of  a  nature  that  will  not  saponify,  and  that  it  be  also  capable  of 
withstanding  both  extremes  of  heat  and  cold.         ~      * 

Fig.  17  is  a  vertical  central  section,  showing  a  douBk^-acting  com- 
pressor on  the  De  La  Vergne  system,  fitted  with  Louis  Block's  patent 
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arrangement  of  vahes,  the 
charge  of  the  oil  at  the  lov 


in  i>bject  of  which  is  to  secure  the  dis- 
end  of  the  rylinder  taking  place  imme- 
diatel)'  after  all  the  gas  is  gone 
an<i  not  before,  as  in  the  latter 
case  re-expansion  will  take  place, 
resulting  in  loss  of  efficiency  of 
the  pump.  Ti>  effect  tlus.  two 
valves  are  proWded  in  the  lower 
end  of  the  compressor  cylinder, 
one  above  the  other. 

Either  or  both  of  these  valves 
may  o])en  on  the  down  stroke  erf 
the  piston,  until  the  latter  covers 
the  upper  one,  when  only  the 
lower  one  is  left  open  to  the  con- 
denser. During  the  remainder  of 
the  stn;>ke  of  the  piston,  after  the 
lower  valve  is  also  closed,  the 
other  I 
niratili 

formed   in  the  said  piston.        In 
the  lioitiim  d  this  annular  cham- 
ber are  provided,  moreover,  valves 
„       ■|lll  I    ^  Mti,"\      'vhii-h    open    as    soon    as   all    the 

II       I  y  I  UJL^-Sjij     other  outlets  from  the  underade 

Jl  I— r»^     ag^jT^  C[.l     '^  ^^  piston  are  closeil,  to  ensure 
'I*'-     ~  "i     ^^"^jRSBPa     which     the>-     are     loaded     with 
1  .\*^^K2»'      springs,  so  arranged  as  to  require 

somewhat  more  pressure  to  open 
them  thaji  the  discharge  valves  oa 
the  side  of  the  cylinder.    The  gas, 
and  afterwards  the  oil,   then   all 
pass  out  through  the  pist(»i,  no 
trace  of  the  former  being  present 
at    the  completion    of   the   down 
stroke.     In  this   manner   the  oil 
system  of  sealing  can  be  ailvaiv* 
tageously  retained,  and  the  pump 
will  work   as  well   at  the  lower  side  as  the  upper.     Fig.  18  is  a  view 
illustrating  the  complete  machine,  which  is  driven  as  shown  by  a  hori. 
zontal  tandem  condensing  engine. 


Fig  ij. —Double-acting  Vertical  Type, 
De  La  Vergne  Amnmnia  Comptessoi. 
Vertical  Scclion  through  Compressor 
Cylinder. 
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A  complete  installation  of  a  refrigerating  plant  on  the  De  La 
Vergne  ammonia  compression  system  is  shown  in  side  elevation  in 
Fig.  19,  from  which  view  the  circulation  of  the  ammonia  and  sealing 
oil  can  be  easily  traced,  viz  :^ 

Firstly.  Following  the  path  taken  by  the  ammonia,  in  oriler  to 
produce  the  frigoriiic  effect,  a  is  the  ct>mpressor  cylinder,  whirh  is 
of  the  double-acting  type,  and  similar  in  construction  to  thai  shown 
drawn  to  a  larger  scale  in  Fig.  17 ;  and  R  is  the  sieam^ngine  cylinder. 
which  is  arranged  horiyuntally,  as   shown   in   Fig.    [8.     b   is  a  pipe 


Fig.  IS. — Doublc-aciing  Vctlital  Type  De  La  Vcrf;ne  Aniiniiiii^i  CoiiijitcnsiiT  .nnil 
Horizontal  Tandem  Condcniimg  Knglnr.    Side  devatinn  ofcninpleleinachriiF, 

iDugh  which  the  gas  is  drawn  or  sucked  from  the  evaporating  coils 
J  the  compressing  cylinder  A.  The  gas  is  then  discharged  by 
e  action  of  the  compressor  a  through  the  pipe  C  into  the  pressure 
ink  D,  where  the  sealing  oil  or  liquid,  the  course  of  which  will  be 
I  followed,  falls  to  the  bottom;  the  upper  half  or  portion  of  the 
ire  tank  being  fitted  with  suitable  cast-iron  baffle  or  check 
.  serving  to  more  completely  retain  the  nil  and  1 
isition.  From  the  pressure  tank  d  the  gas,  which  still  retains  thi 
,t  due  to  compression,  passes  through  the  pipe  e  into  the  bottooi 
» lower  pipe  of  the  condenser  f,  whermn,  by  the  cooling  action  of  cold. 


>ld^H 
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water  running  over  the  pipes,  the  heated  gas  is  first  cooled  and  then 
liquefied.  The  ammonia,  in  this  liquid  condition,  is  then  led  by  the 
small  liquid  pipes  g,  through  the  liquid  header  ii,  into  the  storage 
tank  I,  from  whence  it  flows  through  the  pipe  j  ipto  the  lower  part  of 
the  separating  tank  k,  which  latter  must  be  constantly  maintained  at 
the  very  least  three-quarters  full,  l  is  a  pipe  of  small  bore,  through 
which  the  liquid  ammonia  is  forced,  by  reason  of  the  pressure  to  which 
it  is  now  subjected,  to  the  expansion  cock  or  valve,  through  which  it 
is  injected  into  the  evaporating  or  expansion  coil  n  which  is  situated 
in  the  room  or  chamber  to  be  refrigerated  or  coolerl. 

The  ammonia  gas  resulting  from  the  expansion  and  evaporation  of 
the  liquid  ammonia  in  the  evaporating  or  expansion  coil  N,  having 
absorbed  or  taken  up  the  heat  from  the  surrounding  atmosphere, 
passes  away  through  the  pipes  o  and  b,  back  again  into  the  compressor 
cylinder,  and  the  cycle  of  operations  of  compressing,  etc.,  are  again 
performed  as  above. 

Secondly.     Following  the  course  of  the  oil  employed  for  sealing, 

lubricating,  and  cooling  purposes,  which,  as  previously  mentioned,  is 

heated  with  the  gas  during  compression,  and  is  passed  into  the  tank 

D,  to  the  bottom  of  which  it  falls.     From  the  bottom  of  the  tank  d,  the 

heated    oil  is  conducted  through  a  pipe    a    to  the  lowermost    pipe 

of  the  oil-cooler  h,  which  is  practically  similar  in  construction,  but  on 

a  smaller  scale,  to  the  ammonia  condenser,  and  is  likewise  cooled  by 

sprayed  or  atomised  cold  water.     After  being  sufficiently  reduced  in 

temperature  in  the  oil-cooler  b,  the  oil  flows  through  the  pipe  c,  strainer 

rf,  and  pipe  ^,  into  the  oil  pump  /,  which  latter  is  so  constructed  that 

it  delivers  the  cooled  oil  into  the  compressor,  distributing  it  to  either 

side  of  the  piston  or  plunger  during  its  compression  stroke,  that  is  to 

say,  in  such  a  manner  that  no  oil  is  furnished  during  the  suction  stroke 

of  the    piston,  but  only  during  the  time    of    compressing,  thereby 

cooling    the    gas    during    its    period     of    heating.       The    heated 

oil,  after  leaving  the  compressor,  then  again  returns,  t(>gether  with  the 

hot  compressed  gas,  to  the  pressure  tank  d,   and  folhnvs  the  same 

round  through  the  oil-cooler  b,  strainer  d,  and  oil  pump  /,  back  to  the 

compression  cylinder.     It  will  be  obvious  that  the  oil,  as  well  as  the 

ammonia,  is  used  over  and  over  again,  no  loss  or  waste  of  either  taking 

place  except  that  which  may  occur  through  leakage. 

Any  small  quantities  of  oil,  however,  that  may  be  carried  over  with 
the  current  of  the  gas  from  the  pressure  tank  d  into  the  condenser 
^  pass  along  with  the  liquid  ammonia  into  the  separating  tank  K, 
where,  by  rea-son  of  its  greater  weight,  this  oil  falls  to,  and  collects 
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sufficient   quan^ty    of 
id  passed  through  the 
or  tank  is  also 
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at,  the  bottom  of  the  tank.  A 
oil  has  become  thus  deposited,  it 
oil-cooler  back  into  the  oil-pump, 
connected  to  the  oil  pump  F. 

When  the  apparatus  is  eraplnyed  fur  the  manufacturi:  of  ice,  the 
evaporating  coils  n  are  placefl  in  a  tank  containing  brine,  suffici^it 
space  or  clearance  being  left  between  them  to  admit  of  the  iasertion 
of  ice-cans  or  moulds  containing  the  water  to  be  frozen.  In  this  in- 
stance the  steam  used  for  driving  the  motor,  after  doing  its  duty  in 
the  steam-engine  cylinder  b,  is  led  through  the  exhaust  pipe  s  into  a 
steam  filter  and  condenser,  where  it  is  purified  and  cond«ised.  The 
purified  condensation  water  then  passes  from  the  said  condenser  into 


a  water  regulator  tank,  and  from  the  latter  through  a  water-cooled 
coil  of  substantially  similar  construction  to  that  of  the  ammonia  con- 
denser F  and  oil-cooler  i,  and  finally  is  delivered  into  the  ice  cans  or 
cases,  which  are  usually  constructed  of  galvanised  iron,  through  suit- 
able india-rubber  hoses,  fitted  with  stop-cocks  or  valves. 

When  the  water  in  the  ice-cans  or  cases  is  frozen,  they  are  lifted  out 
and  transported  by  means  of  the  overhead  travelling  crane  to  the  dip- 
tank  or  a  sprinkler,  where  the  blocks  of  Jce  are  thawed  or  melted  out, 
after  which  the  empty  cans  are  refilled  with  water  through  the  hose, 
and  the  process  of  making  other  blocks  of  ice  is  commenced. 

The  various  parts  are  clearly  indicated  upon  Fig.  19,  and  the  paths 
taken  by  the  ammonia,  the  sealing,  lubricating,  and  cooling  oil,  and  the 
.steam  are  shoivn  hv  l-he  arrows, 


THE  COMPRESSION  PROCESS  OR    SYSTEM,      63 

The  advantages  derived  from  the  use  of  the  sealing,  cooling,  and 
lubricating  liquid  in  the  compressor  cylinder  will  become  very  apparent 
on  a  comparison  of  the  diagram  shown  in  Fig.  20,  which  was  taken 
from  a  gas  compressor  worked  without  employing  the  liquid,  with 
that  shown  in  Fig.  21,  which  was  taken  from  a  similar  compressor,  but 
with  the  charge  of  liquid. 

The  diagram  shown  in  Fig.  20  was  taken  from  a  14  in.  x  28  in. 
single-acting  gas  compressor,  working  with  a  direct  pressure  of  157  lbs., 
and  a  back  pressure  of  20  lbs.,  and  at  a  speed  of  thirty-six  revolutions 
per  minute,  no  sealing,  cooling,  and  lubricating  liquid  being  used. 
A  indicates  the  adiabatic  curve,  and  b  the  isothermal  curve. 

The  adiabatic  curve  is,  as  is  well  known,  that  curve  which  would 


Hg.  21.— Diagram  taking  from  Single-acting  De  La  Vergne  Ammonia  Compressor, 

with  Sealing,  Lubricating,  and  Cooling  Fluid. 

^e  produced  were  the  air  or  gas  to  be  instantaneously  compressed,  that 
IS  to  say,  without  transmission  of  heat,  and  the  "isothermal  curve  is  that 
wbich  would  result  if  it  were  possible  to  compress  the  same  without 
•^sing  its  temperature  at  all.  In  actual  working  the  curxes  obtained 
lall  between  the  adiabatic  curve  and  the  isothermal  curve. 

It  will  be  seen  by  an  inspection  of  this  diagram  that  the  com- 
pression curve,  which  by  right  should  approach  the  adiabatic  curve  a, 
P^  the  contrary  falls  into  close  proximity  to  the  isothermal  curve  b,  and 
indicates  the  existence  of  a  leakage  past  the  piston  of  15*2  per  cent,  of 
the  gas  being  compressed,  and,  as  is  shown  by  the  curved  line,  which 
's  produced  by  the  re-expansion  of  the  gas  filling  the  clearance  between 
the  piston  and  compressor  head  or  cover,  a  further  loss  from  the  latter 
source  of  7*4  per  cent.,  that  is  a  total|  loss  of  22*6  per  cent.,  due  to  not 
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employing  the  liquid     The  horse-power  shown  on  this  indicator  caid 
is  44. 

The  diagram  shown  in  Fig.  21  was  taken  from  a  similar  compresscc 
running  at  the  same  speed,  and  working  at  150  lbs.  direct  pressure^  anc 
with  a  back  pressure  of  27  lbs.  The  actual  power  indicated  bv  thb 
card  is  48.  The  horse-f)ower  measured  to  the  adiabatic  cur\'e  a  equafa 
53*6.  The  horse- i>ower  saved  by  employing  the  sealing,  lubricating^ 
and  cooling  liquid  is  5*6  for  each  compressor,  or  in  a  machine  having 
two  compressors  a  total  saving  of  11*2  horse-power.  The  efficiencr 
of  the  compressor  is  98*6  per  cent,  of  its  theoretical  value,  a  result 
attaine  1  by  the  use  of  the  liquid.  The  efficiency  of  the  compressor, 
as  indicaterj  by  the  card  shown  in  Fig.  20,  is  only  77  per  cent,  of  that 


hi};.  22. — Diagram  taken  from  Double-acting  De  La  Vergne  Ammonia  Compressor. 

with  Scaling,',  Lubricating,  and  Cooling  Fluid. 

intlicated  by  the  card  shown  in  Fig.  21,  the  loss  being  the  resuU  of  the 
non-use  of  the  sealing  liquid. 

Fig.  22  shows  a  diagram  taken  from  a  12  in.  x  24 in.  double-acting 
gas  compressc^r,  running  at  a  speed  of  thirty-four  revolutions  per 
minute,  and  fitted  with  Louis  Block's  patent  improvements,  which 
latter  have  been  already  described  on  pages  57  and  58. 

'J'he  steam  cylinder  actuating  the  above-mentioned  14  in.  x  28  in. 
gas  compresst)r,  whilst  the  diagrams  shown  in  Figs.  20  and  21  were 
being  taken,  was  18  in.  X  42  in.,  and  was  working  under  a  steam  pres- 
sure of  68  lbs.  per  sciuare  inch,  the  speed  being,  of  course,  the  same 
as  that  of  the  gas  compressors,  viz.,  36  revolutions  per  minute. 

Indicator  diagrams  taken  from  this  steam  cylinder  showed  on  the 
card  an  initial  pressure  of  65  lbs.,  and  the  mean  effective  pressure  of 
the  diagrams  equalled  32*4  lbs.     The  horse-power  developed  was  63, 
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and  the  expansion  line  approached  so  close  to  the  theoretical  curve 
as  to  show  that  the  cut-off  valve  worked  well,  thus  effecting  a  great 
economy  in  steam  consumption. 

Machines  on  the  ammonia  compression  system  are  made  by  a  num- 
ber of  other  firms,  both  in  this  country  and  abroad,  certain  specific 
improvements  being  claimed  to  give  to  each  of  them  some  particular 
advantage.  It  would  be  imp)ossible  in  this  little  work  to  give  extended 
descriptions  of  these  machines,  or,  indeed,  even  to  make  brief  mention 
of  all  of  them-  The  following,  however,  are  the  most  salient  features 
of  some  of  the  principal  amongst  them  : — 

The  characteristic  feature  in  the  P'rick  machine  is  the  means 
adopted  for  permitting  the  compressor  to  be  safely  worked  without 
clearance,  and  thereby  ensuring  the  complete,  or  practically  complete, 
discharge  of  the  gas  therefrom.  Two  forms  of  compressors  con- 
structed on  this  principle,  are  illustrated  in  Figs.  23,  24,  and  25. 

Referring  to  the  drawings,  a  is  the  compressor  pump  piston,  in 
which  is  placed  the  suction  valve  b,  which  is  of  ample  area,  and  is 
balanced  by  a  spring;  the  piston  working  metal  to  metal  against 
the  top  cylinder  head  without  clearance,  c  is  the  inlet  for  the  am- 
monia gas,  and  d  is  the  outlet  way  through  which  the  compressed  gas 
IS  discharged  from  the  pump  barrel  or  cylinder  through  the  aperture 
and  valve  in  the  dome,  f  is  a  jacket  surrounding  the  pump  cylinder, 
and  into  the  clearance  or  space  thus  provided,  a  constant  stream  of 
cold  water  is  kept  circulating,  so  as  to  take  up  as  much  of  the  specific 
h^atof  compression,  and  of  the  latent  heat,  through  the  wall  of  the  cylin- 
der as  possible,  and  thus  obviate  super-heating  thereof,  g  is  a  relief 
valve  situated  in  the  cylinder  head,  which  valve  in  Fig.  23  also  forms 
the  discharge  valve,  and  is  acted  on  by  springs  e  and  g^,  the  first  being 
compressed  for  the  ordinary  discharge,  and  the  second  when  the  safety 
dence  comes  into  operation.  In  the  arrangement  shown  in  Fig.  24, 
which  is  that  used  in  the  large  machines,  the  relief  valve  g  is  nor- 
°^lly  retained  upon  its  seating  by  the  powerful  springs  g^,  and  the 
ordinary  discharge  or  outlet  valve  d,  is  situated  centrally  in  the  latter. 
I  IS  the  piston  rod  stuffing  box.  K  is  an  oil  reservoir  and  hand  pump 
for  lubricating  the  piston  rod,  and  through  the  small  pipe  and  valve 
L  the  pump  cyUnder  when  required,  which  is  usually  only  when  starting 
^  new  machine,  or  one  that  has  been  standing  for  a  considerable  time ; 
'ne  latter  also  serves  for  the  attachment  of  an  indicator,  to  enable  indi- 
cator diagrams  to  be  taken  from  the  pump. 

It  will  be  seen  that  the  compressors  in  question  are  of  the  single- 
acting  type,  the  pistons  are  long,  and  are  each  provided  with  carefully- 
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fitted  rings,  and  the  arrangement  of  the  stuffing  boxes  and  glands. 
shown,  moreover,  is  such  as  to  render  the  escape  of  gas  round  the 
piston  rods  practically  impossible  under  proper  working  conditions. 


The  twn  patterns  of  compressors  are  constructed  upon  a  substantialM 
similar  principle;  that  shown  in  Fig.  23  being  the  form  of  constructiw 
employed  in  the  case  of  small  maclunes,  and  that  in  Fig.  24  in  laigel 
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>  ones.  In  both  airangements  the  discharge  val\e,  relief  valve,  together 
with  the  guides,  speeder,  and  false  seat,  are  eiitirely  self-contained  and 
independent  of  the  pump  cylinder,  rendering  it  possible  to  expedi- 


tiously replace  the  whole  mechanism  by  a  new  one,  or  to  speedily 
execute  any  necessary  repairs.  It  will  be  seen  that  the  valve 
mechanism  can  be  easily  got  at,  it  being  only  necessar\'  for  that  purpose 


J 
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to  remove  the  light  pump  bead.     Fig,  25  is  a  vertical  central  sedai 
showing  the  complete  machine. 

The  operation  is  as  foUoKS : — The  suction  \-alve  b  being,  as  bdm 
mentioned,  of  very  ample  area  and  balanced  by  a  spring,  affords  n 
resistance  to  the  passage  o{  the  gas  upon  the  return  or  backward  sadi 
of  the  piston,  but  allows  of  its  flowing  fredy  and  rapidly  into  the  pun; 


jl  t™ 
ionalEIi 


levatioD  of  Complete  Machint 


cylinder,  through  the  gas  inlet  c,  under  the  action  of  the  back  prt 
sure,  to  the  vacant  space  above  the  piston.  The  rapid  closing  of  t 
suction  valve  b  at  the  instant  of  the  piston  beginning  its  forward  or  i 
stroke  is  ensured  by  a  cushion  spring,  and  the  gas  is  gradually  co 
pressed  until  it  equals  the  condensing  pressure  acting  upon  the  d 
charge  valve  in  the  relief  valve  located  in  the  cylinder  head,  which  th 
opens  to  admit  of  its  escape  to  the  condenser.  There  being 
clearance  between  the  piston  a,  when  at  the  termination  of  the  upws 
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or  forward  stroke,  and  the  cylinder  head,  practically  no  gas  remains  in 
the  cylinder  to  re-expand  on  the  return  or  backward  stroke  of  the 
piston,  and  destroy  the  vacuum. 

It  will  be  seen  that  it  is  rendered  possible  to  do  this  with  perfect 


Fig.  26. — Diagram  taken  from 
Frick  Compressor. 


Fig.  27. — Diagram  taken  from 
Frick  Compressor. 


safety,  as  in  the  event  of  any  foreign  body  or  obstruction  getting  acci- 
dentally between  the  piston  a  and  the  cylinder  head,  the  valve  or 
movable  portion  g  of  the  latter,  which  is  of  the  full  dimensions  of  the 


Fig.  28. — Diagram  taken  horn 
Frick  Compressor. 


Fig.  29.— Diagram  taken  from 
Frick  Compressor. 


pump  bore,  will  give  way  and  allow  the  compressed  gas  to  pass  into 
the  dome,  and  thence  to  the  condenser,  the  said  movable  portion  or 
relief  valve  G  being  returned  to  its  seat,  under  the  action  of  the  spring 


^'S-  30. — Diagram  taken  from 
Frick  Compressor. 


^*g-  3''— Diagram  taken 
from  Frick  Compressor. 


g',  and  the  back  pressure.  Under  normal  conditions,  however,  this 
relief  action  does  not  take  place,  the  discharge,  as  already  mentioned, 
being  effected  through  the  preliminary  opening  of  the  relief  valve. 
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or    through    the    smaller    discharge    or    outlet    valve  d,    which 
usu&lly  of  steel,  and  is  fitted  upon  a  seat  in  the  centre  of  the  movable 
portion  of  the  head  or  relief  valve  c. 

Were  no  provision,  such  as  the  aboved escribed  relief  valve  or 
safety  head  g,  provided,  and  any  obstruction  to  become  accidentally 
interposed  between  the  pist(>n  and  the  cylinder  end,  not  only  wo\ild 
the  latter  be  knocked  out,  and  serious  damage  to  the  mechanism  ensue, 
but  the  full  charge  of  ammonia  gas,  which  in  a  large  machine  is  worth 
a  considerable  sum,  would  be  lost. 

Figs.  26  to  31  show  several  indicator  cards  taken  from  Frick  com- 
pressors, the  originals  of  which  are  in  the  possession  of  the  company. 
It  will  be  noticed  on  an  inspection  of  these  cards  that  they  show  sharp 
comers  and  straight  vertical  lines,  which  is  the  indicatitm  of  a  prac- 
tically perfect  non-clearance  pump,  furthermore,  it  will  be  seen  thai  tho 
horizontal  lines  are  very  straight,  and  the  compression  cur%*es  demon- 
strate great  regularity,  which  latter  features  indicate  perfect,  or  practi- 
cally perfect,  action  of  the  valves. 

In  practical  working  spring  safety  heads  of  the  type  just  described 
are  apt  to  gis'e  trouble  owing  to  the  difficulty  of  adjusting  the  springs, 
to  work  under  the  variations  of  temperature  to  which  they  are  exposed 
within  the  compression  cylinder,  and  also  by  reason  of  the  liability  of 
dirt  or  other  foreign  bodies  becoming  lodged  upon  a  seating  when  the 
head  is  raised,  and  preventing  it  from  forming  a  tight  joint  upon  iW 
return  to  its  normal  position.  Mr.  Arthur  G,  F.nock  has  endeavoured. 
to  obviate  these  objections,  and  at  the  same  time  to  provide  a  spring 
safety  dence  which  will  admit  of  the  piston  being  worked  in  the 
pressor  absolutely  without  clearance,  and  which  device,  being  located 
externally  to  the  cylinder,  will  be  unaffected  by  the  variations  in  tem- 
perature caused  by  compression  of  the  working  agent  therein. 

Mr.  F.nock's  compressor  is  fitted  for  the  above  purpose  with  tl 
safety  device  shown  in  section  in  Fig.  32. 

In  the  construction  of  this  machine,  the  crosshead  is  provided  with 
a  short  extended  trunk  in  which  is  placed  a  powerful  spring.  Tba 
piston  rod  is  provided  with  a  disc  screwed  upon  it  which  butts  upon  tbQ 
top  of  the  spring,  and  a  cap  or  cage  encircling  the  pisti 
ployed  for  attaching  the  latter  to  the  crosshead  trunk.  The  pistcMtl 
are  so  placed  that,  at  the  end  of  the  compression  stroke,  they  makfl 
metallic  contact  with  the  cylinder  head,  when  a  slight  compressioa 
takes  place  upon  the  ^riug  of  the  crosshead,  and  the  lost 
taken  up  at  this  point.  This  not  only  secures  immunity  from  danga 
of  knocking  out  the  compressor  head  or  damaging  the  piston  and  pist(M 
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roil,  but  also  allows  ihe  valve  an  extra  moment  for  closing,  and  it  will 

lie  readily  seen  by  r^erence  to  the  drawing  that  the  t.ack  rush  or 

"  slip  "  of  gas  as  the  piston  com- 

the  suction  alioVe  will  be 

entirely   prevented.     In  Fig.   32A. 

whirh  is  a  direct  reproduction  from 

a  phidograph  of  the  actu.il  parts, 

the  crossheaii,  .spring,  anri  cap  ari' 

n  removeil  from  the  rnachine. 

It  neeii  hardly  be  piiinted  om 
that  ihis  machine  should  pump  a 
g.iod  Heal  more  gas  with  a  given 
crimpressor  capaciiy  than  is  pos- 
sible in  any  of  the  other  types,  as 
it  Wf'uld  noi  only  ilischarge  the 
whole  of  iw  caparity,  but  it  would 
nut  allow  of  any  back  leakage. 
This,  the  inventor  avers,  has  been 
found  to  be  actua.lly  the  case  in 
practical  work,  ami  to  be  proved 
beyond  d<)Ubt  by  severe  and  ex- 
tended trials.  The  crossheaxl  trunk 
has  vertical  slots  in  it  through 
wluch  the  spring  can  be  seen  and 
examined,  and  the  spring  is  only 
hubject  10   the  ordinary  tempera- 

s  found  in  an  engine  room. 

The  lift  and  fall  of  the  suction 
and  discharge  valves  are  vertical, 
and  there  is  consequently  no  lateral 
wear  anil  tear  of  any  kind,  and 
the  valves  and  valve  seats  are  cut 
from  special  jneces  of  solid  tool 
steel,  and  are  consequently  subject 
to  very  little  hammering  out. 

The  compressor  jacket  is  pro- 
vided   with    a    spiral    or    helical 
annular  space,  through  which  the 
isiderable  velocity  i-s  thus  secured  to  1' 
;fer  of  heat  lakes  place.   Ii 
adhere  to  the  oulsi'le  walls 
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of  the   compressor  cylinder,   and   this   is  in  itself   a   valuable   im- 
provement 

The  patent  crossbead  is  applicable  not  on]y  to  vertical  macMnea 
of  the  type  shown  in  our  illustration.  Fig.  32,  but  also  to  horizontal 
machines  for  single  or  double  action,  and  where  sufficient  headroom 
is  not  available  for  vertical  compressors  the  same  type  of  maolune  is 
made  of  an  horizontal  pattern. 

This  patent  safety  crosshead  arrangement,  as  above  described  in 
its  application  to  large  ammonia  compressors,  is  also  successfully 
applied  to  compressors  of  the  enclosed  type  such  as  that  illustrated  in 
Fig.  32B,  which  is  suitable  for  refrigerating  and  ice-making  plants  on 
a  small  scale,  and  is  made  of  capacities  varying  from  one  quarter  of  a 
ton  to  five  tons  of  ice  per  twenly-four  hours. 

The  compression  machine  in  this  case  consists  of  two  vertical 
single-acting  ammonia  compression  cylinders,  which  are  mounted  upon 
a  cast-iron  body,  wilh  end  covers  containing  the  crank-shaft  and  bear- 
ings. There  are  no  pump  rod  glands  to  pack  in  this  type  of  machine, 
as  the  evaporating  gas  returns  from  the  pipe  system  or  tank  coils 
fiirect  to  the  body  of  the  compressors,  and  then  flows  freely  through 
the  suction  valves  into  the  compressors,  the  suction  valves  being  of  a 
-special  balanced  type  and  located  in  the  compressor  pistons. 

This  construction  does  away  with  the  expense  and  annoyance  con- 
sequent on  the  escape  of  refrigerant  ihr<j|igh  pump  rod  glands,  and  it 
also  secures  the  operation  of  the  machine  with  the  smallest  possible 
expenditure  of  power,  on  acci:iunt  of  the  al.isence  of  that  extensi\'e  fric- 
tion upon  pump  rods,  which  is  always  present  in  any  double-action 
machines  which  have  hitherto  been  placed  upon  the  market. 

The  lubrication  of  these  enclosed  compressors  is  automatic  through- 
out, and  the  machines  have  been  run  for  extended  periods  without 
any  atterUion  in  this  direction. 

The  crank-shaft  runs  in  a  bath  of  oil,  which  is  cont^ned  in  the 
lower  part  of  the  compressor  hrniy,  and  both  bearings,  connecting-rod, 
and  piston  are  automatically  lubricated  from  the  crank-shaft. 

The  suction  and  discharge  valves  are  so  arranged  that  immediate 
access  can  be  obtained  to  them  by  simply  removing  the  top  cover  of 
the  machine,  which  can  be  done  without  breaking  pipe  joints.  The 
suction  and  discharge  pipes  are  provided  with  the  ordinary  stop  valves 
and  hand  wheels,  and  also  with  a  set  of  bye-pass  valves  and  pipes  so 
arranged  that  the  refrigerant  can  be  drawn  from  one  part  of  the  system 
and  stored  in  another. 

A  certain  amount  of  oil  will  always  find  its  way  out  of  the  discharge 


valves  in  a  properly  lubricated  compressor,  but  owing  to  the  special 
arrangement  of  the  crank-shaft  and  pistons  very  little  oil  gets  through 
in  this  machine.  An  oil  separator  of  a  special  type  is,  however,  em- 
ployed as  a  safeguard,  the  gas  being  discharged  downwards  through  a 
series  of  perforated  baffle  plates,  and  then  rising  again  through  the 
slots  in  these  baffle  plates,  which  efifectually  separate  and  retain  any 
oil  which  may  have  been  discharged  with  the  compressed  ammonia. 
The  gas  itself  passes  out  of  the  top  of  the  separator,  and  thence  into 
the  condenser.  Whatever  oil  is  separated  in  this  way  is  returned  to  the 
bottom  of  the  compressor  body  by  an  arrangement  of  valves  and  pipe 
connections. 

Fig.  32c  illustrates  a  20-ton  open  type  of  York  pattern  machine, 
fitted  with  the  "  Enock  "  patent  safety  crosshead. 

As  regards  the  position  of  the  valves  in  the  Enock  Compressor,  the 
suction  valve  is  placed  in  the  piston,  and  the  discharge  valve  in  the 
pump  head.  By  placing  the  valves  in  these  positions  a  very  large  valve 
area  is  obtained,  and  in  order  to  get  sufficient  opening  for  the  free 
passage  of  the  gas,  it  is  only  necessary  for  the  valve  to  lift  a  very  short 
distance.  The  advantages  of  this  are  twofold,  the  first  being  that 
while  the  piston  is  performing  the  dowTiward  or  suction  stroke  the  gas 
can  flow  into  the  pump  easily  and  without  any  back  pressure  being 
set  up.  Second,  owing  to  the  slight  lift  necessary-  with  the  large  valve, 
but  little  beat  upon  the  seat  takes  place.  The  same  remarks  apply 
to  the  discharge  valve,  and  with  a  very  free  passage  for  the  discharge 
of  the  compressed  gas,  the  pump  can  be  worked  with  the  least  possible 
necessary  expenditure  of  power.  Another  point  is  that  of  the  rarefac- 
tion, or  otherwise,  of  the  gas  as  it  enters  the  pump  during  the  suction 
stroke.  In  the  Enock  Compressor  the  suction  valve  being  placed  in  the 
piston  and  the  cold  gas  always  coming  into  the  pump  at  the  bottom,  the 
entrance  of  the  gas  into  the  pump  at  the  lowest  possible  temperature 
IS  ensured.  The  gas  increases  in  volume  as  it  increases  in  tempera- 
t^e,  and  if  the  temperature  is  kept  as  low  as  possible  the  weight  of 
gas  pumped  at  each  stroke  is  greater  than  it  would  be  if  the  gas  is 
rarefied  on  entering  the  compressor. 

The  ammonia  compression  machines  designed  by  Carl  Linde,  and 
fet  patented  in  1870,  are  extensively  used,  and  this  type  of  machine  is 
said  to  give  very  good  results. 

In  the  Linde  compound  ammonia  compressor  the  high  and  low 
pressure  pistons  are  both  coupled  to  the  same  piston-rod,  and  an 
intermediate  chamber  connected  with  the  suction  and  back  pressure 
side  connects  the  cylinders.     The  pressure  of  the  gas  at  its  inter- 
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mediate  stage  is  conducted  by  a.  suitable  pipe  from  ihe  front  of  the^ 

low  pressure  piston  to  the  rear  of  the  smaller  cylinder,  where  it  acts! 

laller  piston  in  the  reverse  direction,  and  directly  balances  aal 

equal  area  of  the  large  piston. 

Fig.  33  is  a  plan  view  showing  a  compound  ammonia  compressor,  ] 
combined  with  a  compound  steam  engine.     In  the  drawing  m  is  the( 
high  pressure  cylinder,  and  n  the  low  pressure  cylinder  of  the 
pound  steam  engine,  and  o  is  the  low  pressure  cylinder,  and  p  the  high 
pressure  cylinder  of  the  ammonia  compressor. 

In  this  machine  it  will  be  seen  that  the  entire  power  of  the  engine 
is  applied  to  one  crank,  and  the  compressor  is  driven  off  the  other 


F'fe''  J3- 


Plan  View, 


Compressor  and 
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crank.  This  arrangement  entails  the  provision  of  a  very  powerful 
crank-shaft  and  bearings  to  admit  of  its  safely  withstanding  the  double 
strain  to  which  it  is  thus  subjected  duriiig  work.  An  objection  to  the 
arrangement  is  the  additional  amount  of  friction  to  which  it  gives  rise. 

A  type  of  Linde  machine,  intended  especially  for  land  installations, 
comprises  compound  ammonia  compressors,  arranged  in  line  hori- 
zontally and  driven  from  a  crank  upon  a  crank-shaft  placed  centrally 
between  the  two  compressors,  and  at  right  angles  thereto.  The  neces- 
sary motion  is  imparted  to  the  crank-shaft  by  means  of  a  tandem 
compound  jet -condensing  engine. 

The  method  emplojed  by  Linde  to  prei'ent  leakage  of  gas  past 
the  piston  rod  stuflSng  box  and  gland,  is  to  provide  a  chamber  or  recess 
in  the  stuffing  box,  glycerine  or  some  other  suitable  lubricant  being 
constantly  forced  into  this  chamber  or  recess  ai  a  somewhat  highi 
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pressure  than  that  existing  in  the  compressor  cylinder,  the  result  of 
which  is  that  the  tendency  is  rather  for  the  lubricant  to  leak  or  escape 
inwardly,  than  for  the  ammonia  to  leak  outwardly.  A  suitable  separa- 
tor is  provided  for  the  elimination  of  any  lubricant  that  finds  its  way 
into  the  pump  or  compressor  cylinder,  and  passes  out  with  the 
ammonia. 

Another  important  feature  in  the  Linde  machine  is  the  method  of 
cooling  the  vapour  in  the  compression  cylinder,  by  the  introduction 
into  the  latter  of  a  small  portion  of  liquid  ammonia  with  the  gas 
or  vapour,  at  the  commencement  of  each  stroke,  whereby  it  is  reduced 
to  a  refrigerating  temperature. 

According  to  Mr.  Lightfoot,  the  following  are  the  results  that  were 
obtained  from  tests  made,  in  an  exhaustive  and  impartial  manner, 
by  a  committee  of  Bavarian  engineers,  with  an  ammonia  compression 
machine  constructed  on  the  Linde  system,  and  erected  in  a  brewery  in 
Germany : — * 


Nominal  capacity  of  machine,  ice  per  24  hours  . 

Actual  production  of  ice,  per  24  hours  .... 
»  »»  »»      per  hour 

Heat  abstracted  in  ice-making,  per  hour    .        .        .        . 

Indicated  horse-power  in  steam  cylinder,  excluding  that 
required  for  circulating  the  cooling  water,  and  for  work- 
ing cranes,  etc 

Indicated  horse- power  in  ammonia  pump  . 

Thermal  equivalent  of  work  in  ammonia  pump,  per  hour 

Ratio  of  work  in  pump  to  work  in  ice-making  . 

Total  feed-water  used  in  boiler,  per  24  hours     . 

Ratio  of  coal  consumed  to  ice  made,  taking  an  evapora 
tion  of  8  lbs.  of  water  per  lb.  of  coal 


24  tons 
39*2  tons 
3,659  lbs. 
731,800  units  t 


53  I.H.P. 
38  I.H.P. 
97,460  units  t 
I  to  7-5 
26,754  lbs. 


I  to  26*3 


The  pumps  were  driven  by  a  Sulzer  engine,  developing  one  indi- 
cated horsepower  with  21*8 lbs.  of  steam  per  hour,  including  the 
amount  condensed  in  the  steam  pipes. 

The  Linde  machine,  as  built  in  the  United  States,  show^s  several 
constructional  differences  as  compared  with  the  first  type  of  machine 
"^ade  in  Germany.  Fig.  34  is  a  sectional  view  illustrating  the  most 
recent  design  of  Linde  compressor  cylinder,  as  made  by  the  Fred.  W. 
Wolf  Co.,  of  Chicago,  U.S. 

The  pattern  of  machine  made  by  the  Vilter  Manufacturing  Co., 
of  Milwaukee,  U.S.,  consists  of  either  one  or  two  horizontal  double- 

*  "Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  218. 
t  A  thermal  unit  is  the  amount  of  heat  necessary  to  raise  the  temperature  of  i  lb. 
of  water  i**  by  the  Fahr.  scale  when  at  39*4'.    Mech.  eq.  778  ft.  pounds. 


acting  ammonia  compressors  driven  by  a  horizontal  Corless  engine,  the  1 
engine  and  compressor  cranks  bmng  keyed  on  the  extremities  of  the  J 
crank-shaft  at  angles  to  one  another,  so  as  to  cause  the  highest  gas  1 
pressure  in  the  compressor  to  take  place  at  the  time  when  the  I 
highest  steam  pressure  is  acting  on  the  engine.  The  ammonia  com-  I 
pressor  is  cast  with  slides  and  pillow  block  all  in  one  piece.  The  1 
wearing  surface  of  the  compressor  consists  of  a  cylindrical  bushing  or  | 
lining  which  is  forced  into  the  water-jacket  after  the  latter  is  bored. 
Four  ammonia  compressor  valves  are  located  in  the  two  circular  heads, 


L 


Fig.  34.-Am. 

the  latter  fitting  into  recesses  and  being  packed  with  metallic  packing* 
The  suction  and  discharge  valves  are  rendered  noiseless  in  action  anO^ 
thdr  life  considerably  prolonged  by  the  provision  of  gas  cushions. 
The  compressor  plunger  is  fitted  with  self-adjusting  packing  rings  and 
also  bull  rings,  and  the  piston  and  follower  are  turned  circular  lO' 
exactly  fit  the  front  and  rear  heaiis  of  the  compressor,  and  thus  tO' 
reduce  the  amount  of  clearance  as  far  as  practicable,  the  plunger  rod' 
b^ng,  moreover,  adjustable  lengthways,  thus  admitting  of  an  equal 
division  of  the  clearance  being  made,  and  the  wear  of  the  crank  asS 
cross-head  boxes  being  taken  up  when  desircJ. 
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Leakage  of  gas  past  the  piston  or  plunger-rod  is  prevented  by  a 
stuffing  box  and  gland  fitted  with  a  metallic  packing,  held  in  position 
by  a  long  sleeve,  oil  being  circulated  through  the  latter  by  means  of 
m  automatically  opsrateil  oil  pump,  and  the  oil  acting  both  to 
lubricate  the  piston  or  plunger-nxl,  and  to  form  a  seal  to  present 
the  escape  of  ammonia.  A  separate  support  bolted  to  the  frame  of  the 
compressor  holds  the  outer  extremity  of  this  hollow  sleeve  in  place,  a 


cloje 
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Packing  being  provided  at  the  outer  end  of  this  support  for  retaining 
tlw  oil. 

By-pasaes  are  provided  between  the  suction  and  discharge  pipes  in 
cioje  proximity  to  the  compressor,  thereby  admitting  of  the  valves 

ig  operated  for  pumping  out  the  condenser. 

Wedge  ailjustable  shoes  are  provided  in  the  cross-heads,  and  the 

lecting  rod.s  are  fitleil  with  solid  heads,  the  former  having  a  solid 
brass  box,  and  the  crank  pin  a  brass  box  lined  with  babbit  metal, 
wedge  adjustment  being  provided  in  both  instant-es. 


lid    ^ 
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The  Fixary  compressor  is  shown  in  vertical  central  section,  some  of 
the  parts  being  left  in  elevation  in  Fig.  55.  It  consists  of  two  vertical, 
single-acting  cylinders  a,  b,  having  an  equalising  chamber  c,  situated 
between  them,  at  the  upper  extremity  of  which  is  provided  a  small 
valve  governing  an  aperture  leading  to  the  suction  side  of  the  com- 
pressor. In  the  upper  extremity  of  each  of  the  cylinders  a,  b,  are  pro- 
viderj  two  valves,  that  on  the  right-hand  side  opening  inwardly  and 
being  the  suction  or  inlet  valve,  and  that  on  the  left-hand  side  opening 
outwardly  and  being  the  outlet  or  delivery  valve.  The  space  below 
the  pistons  is  filled  with  oil  which  lubricates  the  jMStons,  whilst 
at  the  same  time  pre\'enting  the  gas  from  escaping  past  them  to 
great  extent.  Any  gas  that  does  find  its  way  beneath  the  pistons  passes 
into  the  equalising  chamber  c,  where  any  accumulation  of  it  is  drawn 
off  by  the  compressor,  through  the  small  valve  in  the  upper  extremity 
thereof,  and  one  or  other  of  the  suction  or  inlet  valves,  and  again 
returns  to  the  system  through  the  outlet  or  delivery  valves.  The  oil 
that  may  be  carried  through  the  valve  in  the  equalising  chamber, 
sen'es  the  puqx>se  of  sealing  the  valves  and  filling  up  the  clearance 
spaces. 

The  characteristic  feature  of  the  Neubecker  system  is  the  special 
device  for  pre\-enting  leakage  taking  place  round  the  piston-rod.  To 
effect  this,  the  stuffing  or  gland  box,  through  which  the  piston-rod 
passes,  is  so  enlarged  as  to  form  an  annular  recess  or  chamber  surround- 
ing the  rod,  which  chamber  is  partly  filled  with  oil,  and  maintained 
at  a  corresponding  pressure  to  that  prevailing  in  the  surrounding 
atmosphere,  by  means  of  a  compensating  chamber,  which  latter  is  con- 
nected at  its  upper  extremitj'  to  a  small  auxiliary  pump  through  a 
pipe,  the  inlet  to  which  is  governed  by  a  valve  connected  to,  and 
controlled  by,  a  metallic  diaphragm,  the  upper  side  of  which  diaphragm 
is  exposed  to  the  pressure  of  the  atmosphere. 

The  operation  of  this  compensating  chamber  is  as  follows :— The 
gas  which  may  escape  into  the  stuffing  box  chamber,  passes  into  the 
compensating  chamber,  and  as  soon  as  sufficient  has  thus  accumo- 
lated  to  raise  the  pressure  therein  above  that  of  the  atmosphere,  it  acts 
upon  the  flexible  diaphragm  to  expand  it  outwardly,  and  thereby  opem 
the  valve  communicating  with  the  above-mentioned  auxiliary  pump,  by" 
wUch  the  gas  is  drawn  oflr  or  removed  and  delivered  into  the 
refrigerator.  The  pressure  in  the  separating  chamber  then  again  fall* 
below  that  of  the  atmosphere,  and  the  diaphragm  being  forced  in- 
wardly by  the  atmospheric  pressure,  the  outlet  valve  closes,  Thd 
lower  portion  of  the  compensating  chamber  forms  a  well,  wherein  wi^ 
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oil  that  leaks  past  ihe  pistun-iod  glaiici  of  the  compressi t.  ns  alsu  that 
roming  from  the  separator,  accumulates,  and  is  heated  hy  a  sleani  coil 
or  worm,  so  as  to  drive  off  any  gas  that  has  been  absorbeil  by  ihe  <nl, 
after  which  the  latter  is  drawn  off  from  the  bottom  of  the  compensating 
(.hanAer  to  be  cooled  and  filtered  for  further  use. 

Various  patterns  of  ammonia  compressors  are  constructed  by  the 
Pulsometer  Engineering  Company,  Limited,  on  their  improved  system, 
ranging  from  one  ton  ice-making  capacity  per  twenty-four  hours,  up  to 
iustaliations  on  the  same  principle,  with  a  capacity  for  an  output  up  lo 
25  tons  of  ice  or  more  per  day  of  twenty-four  hours. 

In  a  type  of  apparatus  particularly  suited  for  export,  everjthing, 
including  the  steam-engine,  compressor,  gas  condenser,  refrigerator,  and 
ice  lank,  is  mounted  on  one  continuous  bed,  all  the  ammonia  connec- 
tions are  ready  made,  and  the  whole  ran  be  readily  put  in  one  case  and 
sent  abroad,  all  that  is  necessary  on  its  arrival  being  to  charge  the 
machine  with  gas  and  the  ice  tank  with  brine. 

In  the  case  of  a  small  machine  of  one  ton  ice-making  capacity,  such 
as  that  first  mentioned,  rfther  a  vertical  high-pressure  engine,  or  an 
horizontal  one,  or  any  other  suitable  motor,  is  employed;  for  larger 
sizes,  however,  theae  makers  prefer  to  use  cross  compound  condensing 
engines  of  the  horizontal  type,  and  of  extra  size  to  provide  an  ample 
maigin  of  power  in  hot  weather,  and  to  give  the  best  results  as  to  saving 
in  steam  consumption  from  an  early  cut-off.  and  each  engine  driving  a 
compressor  tandem.  The  engine  condenser  is  generally  made  of  the 
surface  condensing  type,  and,  together  with  the  water  circulating  pump, 
placed  between  the  engines  and  driven  from  the  low  pressure  cr)ss-head, 
This  arrangement  has  been  found  in  practice  to  be,  with  long  strokes 
u(.  say,  at  least  30  inches,  most  reliable,  and  it  admits,  moreover,  in  the 
event  of  an  emergency,  of  running  at  a  high  speed.  In  cases  where 
the  very  highest  economy  is  desirable,  triple  or  quailruple  expansion 
engines  are  desirable. 

Kig.  36  illustrates  one  of  a  pair  of  pumps  employeil  in  a  brewery 
and  having  a  cooling  capacity  of  one  hundred  barrels  per  hour.  As 
will  be  seen  from  the  drawing  the  ammonia  pump  is  of  the  double- 
acting  type,  and  is  arranged  horizontally.  It  is  intended  to  be  driven 
from  any  convenient  source  of  power  already  extant  in  the  brewery. 
To  obviate  leakage  and  loss  of  ammonia  gas,  the  stuffing  box  is  fitted 
with  a  special  oil-lubricating  arrangement,  my  means  of  which  a  gas- 
tight  joint  is  secured  without  any  necessity  for  screwing  up  the  gland 

I  SB  to  grip  too  tightly.     The  valves  work  without  any  spi 

[tlffeTs,  and  in  the  larger  sizes  are  so  arranged  that  they  can  be  ad- 
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having  hunmered  steel  lulw  plates  Into  nhicli  are  fiLterl  lap-welde« 
tube*  (subjected  lo  a  similar  test  to  those  of  the  condenser)  in  such  j 
manner  that  they  can  be  readily  withdrawn  from  the  shell  for  inspeo 
tion  or  renewal,  and  the  whole  is  fitted  in  a  tank  with  suitable  brin( 
jiump  connertions.  The  inlet  and  outlet  tubes  are  likewise  of  fotg 
itccl.     This  arrangement  is  also  patented. 

The  makers  prefer  the  use  of  sets  or  series  of  tubes  in  their  cot 
denseri,  and  refrigerators,  lo  that  of  coils  or  worms,  for  the  followin 
reasons.  That  coils  or  worms  are  usually  made  in  long  lengths  wil 
\  number  of  welds,  consequently  should  such  a  tube  at  any  lime  e 
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hihit  signs  of  weakness  it  would  entail  a  hea^7  expense  to  renew  it, 
both  on  account  of  the  wdght  of  metal  and  the  difficulty  of  replace- 
ment. In  a  refrigerator,  in  aildilion  to  the  ahove,  (he  use  of  a  coil 
gives  rise,  according  to  them,  to  a  tendency  lo  prime,  and  thus  cause 
damage  to  the  pump,  and  there  is,  moreover,  they  say,  considerable 
trouble  in  bringing  the  brine  into  such  intimate  contact  with  the  outei 
surfaces  of  the  lubes  as  is  advisable. 


I 


When  desired,  an  arrangement  can  be  fitted  to  this  ammonia  com- 
pression machine,  by  means  of  which  the  ammonia  can  be  pumped 
from  the  refrigerator  into  the  condenser  or  vice  versa,  or,  if  desired,  out 
w  the  machine  altogether. 

An.  advantage  of  no  small  importance  possessed  by  this  apparatus 
is  tbal  of  the  utmost  simplicity  of  construction,  thus  considerably 
facilitating  the  management.     The  workmanship   and    design,   more- 
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fiver,  are  calculated  t'l  ensure  the  attainment  of  the  greatest  strength 
and  of  the  maximum  durability  possible. 

Fig.  37  is  a  perspective  view  illustrating  a  small  single-acting  verti- 
cal ammonia  compressor  anrl  condenser,  constructed  on  the  KUboum 
inclosed  ^e  system.     In  this  installation  the  machine  is  intended  to 
be  driven  by  a  gas-engine,  or  other  suitable  source  of  power,  and  it  is 
designed  for  cold  storage  on  the  direct  expan.iiion  system.     The  floor 
space  occupied  is  small,  being  only  for  the  entire  plant,  including  a  gas-  J 
engine  of  4  N.H.P.,  12  ft  by  4  ft.  6  in.,  and  the  machine  is  capable  of  I 
maintaining  a  storage  capacity  of  from  8,000  to  10,000  cubic  ft.  at  a  I 
suitable  temperature  for  frozen  mutton,  or,  with   the  necessary  ap- 
pliances, of  making  2j4  tons  to  2  tons  of  ice  per  twenty-four  hours. 
The  condenser  and  refrigerator  are  composed  of  lap-welded  iron  coils 
fitted  in  steel  or  wrought-iron  shells.  , 

The  late  Mr.  J.  K.  Kilbourn,  C.E.,  was  the  inventor  and  patentee 
of  a  number  of  improvements  in,  and  connected  with,  refrigerating 
machinery,  his  chief  speciality  being,  however,  marine  refrigeration,  he 
having  had  a  wide  experience  in  this  direction,  and  several  marine 
types  of  ammonia  compression  machines,  constructed  on  his  system, 
will  be  found  described  and  illustrated  in  the  chapter  un  Marine  Instal- 
lations. 

Fig.  38  is  a  sectional  view  of  the  Triumph  Ice  Machine  Company, 
Cincinnati,  O.,  U.S.,  horizontal  pattern  double-acting  ammonia  com-' 
pressor.  It  will  be  seen  from  the  illustration  that  the  compressor  is 
provided  with  five  valves,  vi^.,  three  suction  valves  and  two  discharge 
valves,  the  third,  or  auxiliary  suction  valve,  being  much  lighter  thai 
main  valves,  and  perfectly  balanced,  and  it  being  claimed  by  the 
makers  lending  greatly  to  increase  the  economy  of  the  machine. 

Obviously  the  main  suction  valves  must  necessarily  be  of  sufficient 
dimensions  to  admit  the  charge  quickly  at  the  commencement  of  each 
stroke,  and  the  springs  controlling  them  must  consequently  have  s 
appreciable  tension.  It  will  be  readily  seen  that  owing  to  this  fact  the 
pressure  of  the  gas  in  the  cylinder,  during  admission,  must  be  less  than 
it  is  in  the  suction  pipe  by  an  amount  equal  to  the  tension  of  these 
springs.  By  the  use  of  the  above  mentioned  third,  or  auxiliary  suc- 
tion valve,  which  is  comparatively  light,  and  is  consequently  operated 
with  a  very  light  spring,  the  pressures  in  the  compressor  pump  t 
equalised,  and  a  fuller  charge  is  obtained  at  each  stroke,  thereby  io- 
creasing  the  efficiency  of  the  machine. 

The  valves  comprise  each  a  guard  screwed  on  to  the  stem,  fitted 
inside  a  cage,  and  so  ribbed  as  to  reduce  the  port  area,  the  bottom  of 


the  sl«n  being  enlargeO  for  that  reason.  Stems  extending  from  both 
the  suctiun  and  discharge  valves  to  the  exterior,  and  pEissing  through 
stuffing  boxes,  admit  of  their  being  adjusted  from  the  outside,  and 
any  desired  degree  of  tension  being  put  upon  the  springs.  The  objert 
tiE  this  arrangement  is  to  adjust  the  machine  for  working  at  different 
pressures,  and  the  relative  lemperalures  thereof. 

There  are  three  packing  compartments  in  the  piston-roit  stuffing 
hov,  and  it  is  fitle.!  with  a  suitable  relief  valve  communicating  with  the 
suction.  The  heads  are  formeil  mncave,  and  of  a  radius  which 
i;iial>!es  a  larger  valve  area  to  he  secured.  The  principal  shut-off 
valves  are  of  such  a  f.irm  of  r,,nstfurtion  as  to  admit  uf  their  being 


Fig,  38.— Double -act  in  B  Hi 


ilal  Type  Tniimpii  Ammonia  C'ompiessor 
liunol  View. 


!«cliwl  whilst  the  machine  is  working,  and  a  feature  in  the  design  of 
iWs  machine  which  is  of  by  no  means  inconsiderable  advantage,  is  that 
every  portion  of  the  compressor  is  easily  accessible. 

Fig.  39  is  a  plan  view  showing  a  double-acting  compressor,  coupleil 
ilitert  ic  a  tandem  compound  conden.sing  steam  engine.  This  machine 
IS  of  400-ton  capacity,  and  comprises  the  features  already  described 
with  reference  to  Fig.  38,  It  is  so  arranged  that  each  cylinder  can 
l*  Operated,  single  or  double-acting,  on  dther  end.  A  separate  crank 
ind  outer  bearing  are  provided,  thereby  adding  considerably  to  the 
"rengih  of  the  shaft.  Another  point  of  construction  which  is  of  con- 
iiietable  advantage  is  that  the  whole  machine  is  arranged  on  a  straight 
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line,  thereby  giving  great  sirength  and  rigidity.  It  is  also  clamed 
by  the  makers  that  there  is  no  breathing  of  the  cylinder  in  this  con- 
struction, and  that  a  great  deal  of  unnecessary  clearance  is  not  al- 
lowed to  take  place  at  each  compression  stroke  of  the  machine. 

The  main  feature  of  novelty  claimed  in  the  ammonia  compressor 
invented  by  Thomas  Bell  Lightfoot,  and  for  which  he  obtained 
patent  in  1885,  is  that  compression  is  rffected  at  one  side  only  of  the 
piston,  the  other  side  being  exposed  merely  to  the  pressure  of  the 
vapour  as  drawn  in  from  the  refrigerator.  The  suction  valve  is 
placed  concentrically  within  the  piston,  and  the  delivery  valve  within 
the  cylinder  cover. 


Fig.  3i).-Dm 


juble.acting  Horizontal  Type  Triamph  .\mmoniii  Compressor 
randcm  Compound  Condensing  Engine.     Plan  View. 


The  main  distinctive  feature  of  the  Pictet  machine  is  the  means 
adopted  for  preventing  superheating  of  the  ammonia  gas  during  com- 
pression in  the  cylinder  of  the  pump,  and  the  loss  that  would  ensue  there- 
from, which,  were  there  no  means  employed  for  its  reduction,  might 
amount  to  as  much  as  30  per  cent,  in  a  double-action  compressor.  In 
some  arrangements,  as  has  been  already  mentioned,  provision  is  made 
■  for  effecting  this  by  injecting  a  small  quantity  of  liquid  into  the  co(&- 
pressor,  which  liquid  in  evaporating  maintains  the  gas  or  vapour  in  a> 
condition  of  saturation,  thereby  admitting  of  the  compression  beinf 
effected  under  such  conditions  as  to  approximate  more  closely  to  the 
isothermal  function ;  in  others,  again,  the  compressor  cylinder  is  water- 
jacketed  for  a  like  purpose.  In  the  Pictet  machine,  however,  in  addi- 
tion to  a  water-jacket  rountl  ihe  compressor  cylinder  or  barrel,  the 
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l:|»ston  ant!  piston-rod  of  the  compressor  are  likewise  formed  hollow, 
and  through  this  space  a  constant  stream  of  water  is  Icept  circulating 
for  cooling  purposes. 

The  results  obtained  by  this  arrangement  are  much  lessened  by  the 
great  thickness  of  metal  that  is  required  in  the  parts.  The  loss  in  a 
Hell-jjcketed  and  water-cooled  compressor,  according  to  the  experi- 
ments* of  Professor  Denton,  amounting  to  2f4  per  cent.,  and  where 
less  effinently  jacketed  the  loss  will  be  from  3V^  to  about  25  per  rem. 

In  the  specification  of  a  patent  grantei!  (o  Raoul  Pictet  in  1887  he 
describes  an  improved  vessel  or  compartment  for  use  in  a  refrigerating 
apparatus,  whermn  the  volatile  liquid  employed  is  subjected  to  evapora- 
tion so  as  to  produce  cold,  which  refrigerates  brine  or  other  non-cori- 
gealable  liquid  surrounding  the  evaporating  compartment.  The  said 
im].iroved  cooler  or  refrigerator  is  claimed  to  be  suitable  for  use  with 
i-ither  a  compreasicm.  or  an  absorption  machine,  and  consists  of  two 
lubes  arranged  horizontally,  and  crmnected  at  their  extremities  by  bent 
tubes,  and  at  their  lower  sides  by  pendant  U-shaped  tubes,  which 
latter  are  preferably  secured  by  means  of  scJder  joints  to  sockets  bra/ed 
on  the  tubes,  and  are  further  connecie<l  with  each  other  by  conducting 
bands. 

In  the  latter  part  of  1887  a  patent  was  obtained  by  Samuel  Puplelt 
sni!  Jonathan  Lucas  Rigg  for  improvements  in  refrigerating  machines, 
atiri  several  further  improvements  have  since  buen  added  by 
I'uplelt. 

The  main  features  of  the  1887  patent,  which  are  equally  applicalile 
■'  any  ice~making  and  cooling  apparatus  wherein  any  one  of  the  con- 
'lensable  gases  is  used  as  a  frigorific  agent,  are  as  follows; — 

TI.e  [itovision  of  chambers  or  reservoirs  either  situated  directly  at 
'he  bottom  of,  and  communicating  with  the  inlet  valve  chests,  or  in  any 
olbw  suitable  position,  and  connected  thereto  by  means  of  pipes.  These 
chamhers  or  re.servoirs  serve  lo  receive  the  oil  which  tinds  its  way  into 
'he  cylinder  nf  the  compressor  pump,  principally  rotmd  the  piston-rod, 
Md  which  would  otherwise  accumulate  beneath  the  valves.  To  the 
^Wderaides  of  the  said  chambers  or  reservoirs  are  fitted  draw-oPF  cocks. 
;  of  which  the  oil  may  from  time  to  time  be  withdrawn 
It  the  machine  is  in  motion,  and  without  any  appreciable  loss  of 
a  or  admission  of  air  taking  place. 
Complete  liquefaction  of  the  gas  is  ensured  by  carrying  the  return- 
liquid  pipe  between  the  condenser  and  refrigerator  through  the  re- 
'rigerating  or  ice-making  tank  or  box,  instead  of  outside  the  latter,  as  is 
■'Transactions,  Americaa  Society  nf  Mcch.nnical  EngineerB,"  vol.  lii. 
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usually  done,  thus  utilising  the  low  temperature  of  the  brine  to  coi 
plete  the  condensation  of  the  gas.  i 

In  Fig.  40  is  illustrated  a  modem  type  of  Pupiett  ajnmonia  col 
pression  machine  especially  designed  for  use  in  breweries  for  cooft 
worts  and  yeast  ri 


The  cooiiuy  capacity  of  this  machine  varies  from  jo  barrelii 
worts  per  day  to  zoo  barrels  per  day,  and  the  horsfrpower  requi 
from  3  up  to  12,  in  accordance  with  the  size  of  the  machine, 
apparatus  can  be  connected  to  ejusting  hot  and  cold  liquor  backs  i 
collecting  tanks. 

Sir  Alfred  Seale  Haslam  took  out  a  patent  in  1S94  for  an  impi 
compressor  especially  intended  for  use  with  refrigerating  machine^  9 
particularly  applicable  to  compound  compressors  wherein  the  { 
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compressed  in  stages.  The  objects  of  the  invention  are  to  prevent  the 
gas  from  escaping  or  coming  in  contact  with  the  air,  and  to  avoid  dead 
spaces  in  the  appamtus.     The  chief  novel  features  are  claimed  to  be 


I 


follows : — First,  a  pump  cylinder  having  a  chamber  at  one  or  both 
through  which  the  piston-rod  passes,  and  which  is  kept  supplied 
lubricating  and  sealing  liquid  from  a  reservoir  through  which  the 
gas  lo  be  conipresseil  also  passes.     Second,  two  single  and  double-act- 


1 
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each  other,  and  with  the  compression 
encls  of  iheir  cylinders  ne\t  each 
other,  and  having  between  them  a 
chamber  supplied  with  lubricating 
and  sealing  liquid,  through  which 
their  commwi  piston-rod  passes. 
Fig.  41  shows  this  machine  in  plan 
and  side  ele^'alion,  and  Fig.  \. 
vertical  central  section  through 
one  of  the  ammonia  compressor 
cylinders,  drawn  to  an  enlarged 
scale,  illustrating  the  self-sealing 
ciil-chamber. 

The  operation  of  the  Haslam 
compressor  is  as  follows: — After. 
ajljusting  the  glands  of  the  re 
ing    and    separating    vessel,    the 
latter,  and  the  central  chamber,  ii 
chargeil  with  lubricating  and  seal 
g    ing  fluid  to  a  suitable  height.     The 
%     gas  is  then  drawn  through  the  sup- 
-^     ply  pipe,  accompanied  by  the 
c     quisile  amount  of  the  lubricating 
'■'     and  sealing  fluid,  which   Utter  is 
admitteil  to  the  low-pressure  cylin- 
der by  a  cock  or  valve,  through 
ihe   suction    valve,   and    conqwea- 
sion  to  the  desired  extent  is  then 

Fig.  43  shows  a  Haslam  belt- 
driven  horizontal  double-acting 
ammonia  compressor  of  the  latest 
ilesign.  which  is  maile  in  standard 
siies  from  4  Ions  ice-making  capa- 
city up  to  12  tons  ice-making 
capacity,  and  requiring  from  12  to 
50  I.H.P. 

Fig.  44  illustrates  a  large  Has- 
lam type  of  machine  consisting  of 
two  double-actmg  horizontal  aiB- 
monia  compressors  coupled  direct 
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•  a  iwwerful  triple  expansion  verlicai  steam  engine,  shown  in 
ihe  for^round,  of  the  latest  ami  most  improieti  marine  type,  the 
cviinders  of  which  are  mounted  upon  massive  supports,  and  the  whole 
bolteil  securely  to  a  box  beci-plate.  The  compressors  are  fitted  with 
Haslam  and  Co.'s  special  oil  sealing  gland. 

This  machine,  which  has  a  refrigerating  capacity  of  300  tons,  was 
recently  built  by  Messrs.  Haslam  for  the  River  Tlale  Fresh  Meat 
Company. 

The  pioneer  of  refrigerating  machinery  in  the  United  States  was 
Mr.  David  Bojle.  The  modem  type  of  Boyle  ammonia  compressor 
consi.st.s  of  two  vertical  single-acting  pumps  arranged  in  combination 


ith  a  vertical  or  an  horizontal  engine.  The  compressor  valves  are 
niijiinted  in  removable  valve  boxes,  and  both  the  suction  and  discharge 
"lives  are  situated  in  the  upper  head,  where  they  are  held  in  place  by 
■bars  and  a  set  screw  to  each  of  them.  There  is  a  division  in 
of  the  heail.  The  gas  being  ilelivered  through  its  pipe, 
ich  is  secured  in  an  extension  on  the  cylinder  communicating 
■ith  the  inlet  chamber,  enters  the  cylinder  through  its  valve  on 
'lie  downward  stroke  of  the  piston.  The  gas  is  compressed  upon  the 
upward  or  return  stroke  of  the  piston  until  such  time  as  it  becomes 
equal  to  the  pressure  in  the  condenser,  when  the  discharge  valve 
the  opposite  side  of  the  head  rises  and  permits  the  discharge  of  the 
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gas  through  the  valve  and  conununkating  chamber  m  the  compresior 
discharge  pipe,  to  take  place. 


L 

^^   gas 


The  suction  chamber  likewise  cnmmunicates  with  the  lower  end  (rfj 
cylinder  of  the  compressor  so  as  to  allow  the  latter  to  be  filled  « 
gas  during  the  upward  stroke  of  the  piston,  and  to  permit  its  escsM 
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iterefrom  during  ihe  dowiiwarJ  stroke  of  the  piston.  A  solid  pattern 
of  piston  fitted  with  a  number  of  snap-rings  having  sufficient  tension  to 
pre\-ent  any  leakage  of  gas,  is  employed,  and  the  piston-rod  stuffing- 
box  gland  is  adjustable  through  a  worm  and  worm  wheel  arrangemenl 
by  means  of  a.  band  wheel  from  the  CNtecior. 

A  water-jacket  surrounds  the  upper  part  of  the  compressor  cylinder 
and  an  inlet  and  outlet  admit  of  a  constant  flow  of  water  being  main- 
inine.l  through  the  same. 

The  York  Manufacturing  Company,  of  York,  Pa.,  U.S.,  are  makers 
if  compound  ammonia  compressors  in  which  all  the  gas  has  to  be 
drawn  through  the  suction  valves,  and  these  latter  have  to  divide  the 
space  on  the  heads  of  their  cylinders  together  with  the  delivery  valves, 
being  consequently  limited  in  dimensions.  When  the  compressors  are 
ul  large  siie  the  gas  is  passei.l  through  a  condenser  between  the  two 
■lages  of  compression  for  the  purpose  of  abstracting  a  portion  of  the 
beat,  reducing  the  volume  and  saving  power.  The  connecting  pipes 
:ire  locaied  on  ihe  lop,  and  in  some  instances  a  tubular  cmidenser  is 
pruvided,  which  arrangement  is  said  to  give  good  results.  The  valve 
in  the  low  pressure  cylinder  is  formed  annular,  and,  therefore,  reiuires 
mly  about  half  the  Uft  of  a  mitre  valve  in  order  to  give  th«  same 
iisrharge  opening. 

These  makers  arrange  their  compressor  cylinders  vertically,  but 
liej'  employ  in  combination  therewith  both  vertical  and  horizontal 
-'o.im  engines. 

The  medium-si/ed  machines  are  made  with  two  low  pressure  cylin- 
ders placed  on  ihe  outside,  and  one  high  pressure  cylinder  placed 
lielween  them.  The  crank  pins  of  the  low  pressure  pistons  are  all 
in  line,  and  the  high  pressure  crank  pin  on  which  the  horizontal 
enpne  works  is  plai'ed  at  i8o  degrees. 

In  the  case  of  the  very  large-sized  machines  four  compressor 
ryltnilers  are  arranged  in  a  row,  and  are  worked  by  four  cranks,  the 
"to  ouiside  ones  of  which  are  high  pressure,  and  the  two  intermeiliate 
■ines  between  these  being  low  pressure.  The  two  connecting  rods  from 
a  cross-over  compound  engine  each  operate  respectively  one  of  the 
uuter  cranks.  The  fly-wheels  are  overhung,  and  the  [wpes  from  the 
'yltnder  heads  connect  the  high  and  low  pressure  cylinders  through  a 
condenser  or  cooler. 

This  company  also  build  single-acting  compressors,  and  in  Fig.  45 
IS  shown  one  of  th«r  latest  designs  of  a  vertical  type  of  single-acting 
machine.  A  large  type  of  compressor  constructed  by  them,  and  having 
a  capacity  of  400  tons  refrigeration,  has  two  single-acting  ammonia 
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1  (iiameter  by  48  inches  stroke,  and  driven  by  i. 
horizontal  cross  compound  condensing  engine,  having  a  high  pressure 
cylinder  of  30  inches  in  diameter,  and  a  low  pressure  cylindo' 
of  58  inches  in  diameter,  by  48  inches  stroke,  the  crank-shaft 
being  provided  with  two  throws  and  four  bearings,  and  the  flv-wheel 


being  in  the  centre  of  the  bed-plate  between  the  two  cranks. 
weight  of  this  machine  is  over  1 78^^  tons. 

The  vertical  type  of  ammonia  compressor  made  by  the  Remingt(» 
Machine  Company,  Wilmington,  Del.,  U.S.,  is  of  the  single-acting 
inclosed  crank  pattern,  the  crank-shaft  extending  through  one  side  of 
the  casing  only,  and  being  fitted  with  a  single  stuffing  box  on  that  sid^ 
and  a  central  bearing,  so  as  to  render  the  construction  more  rigid. 
the  bottom  of  the  casing  is  an  oil  bath  into  which  the  cranks  dip,  antf 
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entral  bearing  is  at  all  times  flooded  with  oil.  There  are  two 
cylinders,  cast  in  one,  and  fitted  with  heads  carrying  ihe  suction  and 
discharge  valves  mounted  in  cages.  The  heads  of  the  two  cylinders 
are  connected  on  the  suction  sidii  to  a  strainer-bov  for  inlerceplint; 
any  dirt  or  foreign  matter,  and  the  discharge  side  is  ronnectol  with 
a  throttle  valve  which  is  common  to  both  the  cylinrlers.  The  pistons 
aie  of  the  common  trunk  pattern.     This  marhine  is  t>ptcal  of  the 


[(iflosed  compressor  made  by  the  Automatic  Refrigerating  Machine 
Co,.  Sydney,  N.S.W.  and  San  Francisoo.  and  of  a  number  of  machines 
I'f  this  class  made  by  various  other  makers. 

The  ammonia  compressors  con.stnicted  by  the  Tuxen  and  Ham- 
merirh's  Engineering  Works,  Limited,  of  Nakskov,  Denmark,  are  mostly 
"f  the  horizontal  double-acting  tvpe.  Fig.  46  shows  a  belt-driven 
maclune.  The  pump  cylinder  is  fitted  with  a.  lining  mule  from  a 
special  hard  mixture  of  cast  iron,  so  as  to  obviate  the  porosity  which  is 
ineritahle  when  the>'  are  cast  in  one  piece,  and  thus  to  prevent  the 
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absorption  of  ammonia  b>  ihe  meia).  When  worn,  moreover,  a  liner, . 
or  bush,  of  this  description,  can  be  removed,  and  replaced  by  a  new 
one,  the  cylinder  being  thus  renewed  at  much  less  cnst  in  time  and 
money  than  is  the  case  when  the  cylinder  is  made  of  a  single  casting. 
The  valves  are  made  of  steel,  and  the  valve  boxes  are  arranged  in  such 
a  manner  that  the  valves  can  be  withdrawn  without  necessitating  the 
disconnection  of  any  other  portion  of  the  machine  or  connections. 

A  gas-tight  joint  is  formed  at  the  piston  or  plunger-roci  stuffing  box 
by  means  of  an  oil  chamber  formed  between  the  packing  rings,  and  by 
a  patented  arrangement  the  pressure  of  the  gas  in  the  compressor  is 
employed  to  maintain  a  constant  pressure  of  oil  In  this  sealing  cham- 
ber; in  this  manner,  it  will  be  seen,  the  tendency  of  (he  ammonia  itsdf 
to  escape  is  utilised  to  prevent  its  escape.  Another  feature  in  this 
compressor  is  that  the  oil  chamber  is  connected  to  the  suction  side  of 
the  compressor,  so  that  in  the  event  of  the  machine  running  hot  it  may> 
be  cooled  by  the  simple  expedient  of  running  a  current  of  cold  air, 
through  the  oil  chamber.  This  arrangement  is  free  from  valves,  ami' 
other  working  parts  which  are  liable  to  fall  into  disrepair,  and,  more- 
over, requires  practically  no  attention,  and  is  claimed  by  the  makers  to 
admit  of  a  pressure  being  kept  up  equal  to  the  pressure  of  the  am- 
monia, however  much  the  latter  may  vary,  a  duty  which  it  is  impossible 
to  perform  by  any  arrangement  of  pump,  and  besides  which  the  latter  i 
arrangement  is,  according  to  them,  inferior  in  many  other  respects. , 

In  a  type  of  double-acting  vertical  ammonia  compression  machine 
constructed  by  the  Buffalo  Refrigerating  Machine  Company,  of  Buffalo, 
N.Y.,  U.S.,  the  ammonia  pump  cylinder  and  the  steam  engine  cylinder 
are  in  line  vertically,  and  are  bolted  to  a  cast-iron  framing  mounted  on 
a  heav7  bed-plate.  Fig.  47  shows  the  ammonia  compressor  cylinilef 
in  vertical  central  section.  The  piston  is  fitted  with  self-adjusting 
packing  rings,  one  at  each  end,  and  the  pressure  of  the  gas  acts  upon 
the  conical  surfaces  of  these  rings  so  as  to  expand  them  outwardly 
equally  in  all  directions,  and  so  form  a  gas-tight  joint.  The  pressure 
and  suction  valves  are  of  large  area,  so  that  all  wire-drawing  of  the  gai 
is  avoided ;  moreover,  they  are  so  ananged  as  to  leave  a  minimum  of 
spaces  to  retain  gas.  and  they  are  formed  with  lengthy  guide  surfaces, 
and  supplied  with  cushioning  chambers,  to  prevent  improper  str^s, 
and  admit  of  their  closing  upon  thdr  seatings  without  noise  and  ham- 
mering. On  the  bottom  of  the  suction  valve  stem  a  collar  is  provided, 
which  has  the  advantage  of  preventing  it  from  falling  into  the  com- 
pressor cyhnder  should  the  nut  on  the  upper  end  of  the  valve  stem 
accidentally  work  off. 
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The  valves  are  mciunted  in  cages,  which,  it  will  be  seen  (rom  the 

[rawing,  are  so  constructed  that  they  can  be  readily  removed  from,  or 

fcl^laced  in  position,  without  necessitating  the  dismounting  of  any  other 


A  lengthy  stuffing  bojt  is  provided  to  prevent  leakage  of  gas 
Bnd  the  piston-rod,  and  an  oil  chamber  therein,  between  the  upper 
t  lower  packings,  is  automatically  supp!ie<1  with  nil  from  an  oil  tank. 


A 
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This  oil  tank  is  charged  with  oil,  as  necessary,  by  means  of  a  hand 
pump  connected  to  the  tank.  The  lower  part  of  the  stuffing  box  oil 
chamber  is  connected  with  the  lower  part  of  the  oil  tank,  and  the  upper 
part  of  the  latter  is  connected  with  the  suction  valve  of  the  compressor, 
as  shown  in  the  illustration  (Fig,  47),  The  result  of  this  arrangement 
is  that  the  oil  in  the  oil  tank  is  constantly  under  the  suction  pressure  of 
the  machine  on  both  top  and  bottom  ends  of  the  cyhnder.  The  oil 
tank  being  higher  than  the  stuffing  box  oil  chamber,  the  oil  flows  from 
the  former  to  the  latter  by  gravity,  and  should  any  leakage  of  ammonia 
occur  through  the  first  layers  of  packing  into  the  stuffing  box  oil  cham- 
ber, it  will  be  drawn  into  the  suction  pipe  of  the  machine,  and  in  this 
manner,  according  to  the  makers,  provision  is  made  to  prevent  the 
stuffing  box  pressure  ever  exceeding  the  working  suction  pressure  of  the 
condenser. 

Suitable  valves,  on  the  connecting  pipes  communicating  with  the.' 
oil  tank,  admit  uf  regulating  the  amount  of  oil  passing  to  the  stuffing 
box  oil  chamber,  and  enough  oil  adheres  to  the  piston-rod,  and  passes 
into  the  cylinder  to  lubricate  the  latter. 

The  clearance  spaces  between  the  piston  and  the  heads  of  the  com-, 
pressor  cylinder  are  reduced  to  the  lowest  possible  point,  the  thickness. 
of  a  sheet  of  packing  being  all  that  is  pnnided.  As  will  be  seen  rr(>tn 
the  drawing  the  comjiressor  cylinder  is  completely  surrounded  by  £ 
water-jacket  to  carry  off  the  heat  generated  during  compression. 

The  Arctic  Machine  Manufacturing  Company,  of  Cleveland,  Ohio^ 
U.S.,  have  been  successfully  manufacturing  refrigerating  machinery  for 
the  past  twenty-two  years  or  more,  and  machines  constructed  by  theni' 
as  far  back  as  1879  are  still  running.  The  modem  types  of  machine 
built  by  the  Company  comprise  a  d(wble-acting  vertical  ammonia  com- 
pressor, comhineii  with  a  vertical  steam  engine,  and  two  vertical  coxtt' 
pressors  combined  with  a  horizontal  steam  engine.  The  fly-wheel  is 
now  generally  located  between  the  upright  columns,  but  in  some  pat- 
terns of  machine  it  is  still  placed  on  the  exterior,  and  is  provided  with 
an  outside  bearing.  The  valves  of  the  compressor  are  mounted  in 
cages,  and  are  so  arranged  as  to  be  readily  get-at-able.  The  slufBru 
box  of  the  compression  piston-rod  is  formed  deep,  and  provided  witS 
oil  sleeves. 

The  ammonia  compression  machine  made  by  Geo.  Challoner,  Soi 
and  Co,,  of  Oshkosh,  Wis,,  U.S.,  belongs  to  the  inclosed  class. 
pattern  made  by  this  company  is  a  triple  cylinder  single-acting  machi 
the  entire  box  Frame  of  which  is  cast  in  one  piece,  and  is  secured  to  a 
arched  bed-plate.     Circular  removable  flange.'j  at  each  extremity  canj 
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extra  long  babbitted  crank-shaft  bearings,  and  are  provided  with 
stuffing  boxes  and  glands,  made  of  considerable  length  to  prevent 
leakage  of  oil  or  gas  round  the  crank-shaft.  The  interior  crank-shaft 
bearings  are  so  mounted  within  the  box  frame  as  to  be  easily  dis- 
mounted when  desired.  The  working  parts  of  the  machine  run  in  an 
oil  bath  in  the  hollow  box  frame,  and  lubrication  is  thus  ensured  with- 
out exterior  aid.  The  upper  part  of  the  frame  is  faced  and  bored  to 
receive  the  pump  cylinders,  which  latter  can  be  removed  and  replaced, 
if  required,  without  disturbing  the  box  frame. 

In  the  larger  patterns  of  machines  the  pump-cylinders  are  provided 
with  safety  heads.  The  suction  valves  are  located  in  the  pistons,  and 
the  discharge  valves  are  either  in  the  safety  heads  or  in  the  false  heads, 
and  both  suction  and  discharge  valves  are  so  arranged  that  they  can  be 
removed  without  necessitating  the  disconnection  of  the  pipe  connec- 
tions. The  connection  to  the  suction  is  in  the  box  frame  beneath  the 
cylinders,  so  that  the  frame  is  maintained  cool  by  the  low  temperature 
gas  returning  to  the  pump  cylinders.  The  discharge  connections  are 
formed  to  the  pump  cylinders  above  the  safety  heads,  and  both  con- 
nections are  fitted  with  stop  valves,  and  a  bye-pass  is  also  provided,  so 
as  to  admit  of  the  pumps  being  reversetl  to  pump  the  gas  from  the 
high  to  the  low  pressure  side.  A  suitable  purge  valve  on  the  discharge 
connection  admits  of  the  box-frame  being  pumped  out,  and  likewise 
the  discharge  of  any  air  gaining  admission  to  the  interior  on  the  open- 
ing of  the  frame. 

A  machine  made  by  the  Ideal  Refrigerating  and  Manufacturing 
Company,  of  Chicago,  is  fitted  with  an  arrangement  for  the  more  even 
distribution  of  the  work  of  the  compressor  piston.  To  effect  this  the 
diameter  of  the  crank  pin  circle  is  formed  much  larger  than  the  piston 
stroke,  and  connection  is  made  through  a  toggle  lever  arrangement.  It 
is  claimed  that  as  the  connecting-rod  to  the  crank-shaft  brings  the  two 
toggle  levers  connected  to  the  piston-rod  into  line,  the  force  that  is 
available  for  moving  the  piston  will  increase  independently  of  the 
action  of  the  toggle  levers. 

According  to  the  makers  the  effect  of  the  intermittent  motion 
which  the  cam  head  on  the  piston  imparts  to  the  valve  is  to  somewhat 
more  than  double  the  life  of  the  latter,  owing  to  the  length  of  time 
during  which  motion  is  arrested  whilst  the  crank  is  passing  the  dead 
centre,  the  toggle  being  then  in  a  straight  line  with  the  piston-rod. 
They,  moreover,  aver  that  it  affords  a  considerable  advantage,  in- 
asmuch as  it  gives  the  valve  ample  time  to  get  properly  seated,  and  for 
all  the  gas  to  be  expelled  from  the  cylinder,  and  not  be  sucked  in 
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again  on  ihe  reluni  stroke,  thus  greatly  increasing  the  efBciency  of  ih 
machine. 

A  vertical  single-acting  ammonia  compressor  (Stallman's)  manufu 
tured  by  the  Crearaety  Package  Manufacturing  Company,  of  Chicap 
111.,  U.S.,  consists  of  a  pair  of  pumps,  the  lower  portion  of  the  cylimlf 
bdng  cored  out  so  as  to  form  a  series  of  ports,  which  lead  from  t 
suction  inlet  round  the  piston  and  communicate  with  the  cylinders  il 
such  times  as  the  pistons  are  at  ihe  bottom  or  limit  of  their  downvuj 
stroke.  In  this  manner,  the  cylinders  having  been  partly  fillcil  by  th 
gas  delivered  through  the  suction  valves  in  the  pistons  during  tk 
downward  stroke,  the  chai^'e  will  be  fully  completed  at  the  terminati 
of  the  stroke,  and  the  utmost  pressure  of  evaporation  be  obtained 
the  cylinders  owing  to  the  passage  of  gas  through  the  above  mentions 
ports. 

The  discharge  valve  seat  rests  upon  a  shoulder  formed  by  the  en- 
largement of  the  upper  part  of  the  cylinder.  This  seat  is  made  of  tod 
steel,  and  is  forced  into  position  before  the  last,  ur  finishing  cut  b 
made,  and  is  bored  out  with  the  cylinder,  forming  practically  a  poitiofl  ^ 
of  the  walls  of  the  latter.  The  outlet  port,  lo  which  is  connected  t! 
discharge  pipe,  is  situated  immediately  above  the  valve  seat,  comiecti 
with  the  enlarged  portion  of  the  cylinder,  and  branching  off  from  san 
at  right  angles.  The  discharge  valve  is  of  steel,  and  turned  up  fro 
the  solid.  It  has  a  disc-shaped  bottom  of  larger  diameter  than  tl 
cylinder,  and  rests  upon  the  above  mentioned  seat  in  the  annular  e 
largement  in  the  cylinder,  the  upper  part  of  the  valve  is  cylindric^ 
and  this  trunk-shaped  portion  sli'Jes  in  the  enlarged  bore  of  the  cylim 
lo  form  a  guide. 

When  making  its  upward  stroke  the  piston  passes  through  the  t 
charge  valve  seat,  and  comes  into  contact  with  the  valve  itself.  1 
pressure  on  this  valve  is  regulated  by  a  spring  having  a  screw  adjust 
ment  through  the  cylinder  head.  This  arrangement  admits  of  tl 
complete  discharge  of  the  gas  from  the  cylinder,  and  at  the  same  tin 
forms  a  safety-head,  there  being  no  clearance  at  all,  and  no  loss  i 
efficiency  from  the  re-expansion  of  gas  from  such  clearance.  Anoth 
advantage  claimed  for  this  arrangement  is  that  owing  to  the  size  of  tl 
valves,  a  very  slight  movement  only  is  required,  whilst  they  give  ve 
lai^e  areas  of  openings,  and  allow  of  large  volumes  of  gas 
rapidly. 

The  cylinders  are  so  mounted  upon  the  frames  containing  Ul 
crank-.-ihaft  hearings,  ami  cross-head  guides,  as  to  cause  all  the  strata 
to  fall  upon  the  framL-s  direct,  instead  of  upon  bearings  in  4  sepocol 
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-.      baJ-plale.     The   result   of  this  fnrtn   uf  construction   is   an   absolute 
I     rigidity  of  alignment,  an.l  the  frames  are  firmly  secureil  in  positiiin  by 
■     1  massive  bed-plate  of  box  pattern.     The  two  comfH-essors  can  be  pro- 
vided with  iodepenJent  suction  connections,  and  can  then  be  worked 
n-iependently  in  instaJlations  so  operated  that  different  conrtitions  of 
tmiperature,  and  varying  back  pressures  exist,  as,  for  instance,  in  cases 
ihere  both  ice-making  and  refrigerating  are  carried  out  together,  or 
nhere  freezing  chambers  are  nin  along  with  ordinary  cold  stores. 
I  Fig.  48  is  a  verticaJ  section  through  the  pump  cylinder  of  a  single- 

litjng  verticaJ  ammonia  compressor,  designed  by  Mr.  C.  A.  Mac 
Di)naJd,  and  made  by  the  Hercules  Ice-Making  and  Refrigerating 
Maclunery  Co.  (rf  Chicago,  111.,  U.S. 

A  special  feature  in  this  pump  is  that  an  arrangement  is  provided 
for  allowing  free  communication  between  the  inlet  branch  and  the  in- 
krior  of  the  cylinder  when  the  piston  is  right  down,  or  at  the  enil  of  its 
'ravel  in  a  downward  direction.     This  consists  of  a  belt  or  passage  cast 
^lUfid  the  lower  part  of  the  cylinder  which  is  in  connection  with  the 
n[et  branch,  holes  being  formed  into  this  heU  or  passage  through  the 
"alls  of  the  barrel.     The  positions  of  these  holes  are  such  that  some 
t't  "ill  he  lower  than   the    piston   when    it   is   at   the   extremity  of  its 
.-  |t<i  lioKTiward  stroke,  thus  affording  free  acces.";  for  the  gas,  entirely  in- 
.-  K  'lependently  of  the  valves,  before  the  return  stroke.     These  holes  have 
f     10  be  formed  by  cores  when  casting  the  pump  cylinder,  and  the  arrange- 
ment causes  the  casting  to  be  rather  a  difficuh  one  to  make.     The 
holes,  howevM-,  ser\-e  to  compensate  for  the  reduction  in  the  size  of  the 
"Jet  valve,  and  allow  of  a  full  back  pressure  of  gas  being  obtained 
I     iliove  the  piston  before  compression  is  commenced. 

Somewhat  similar  arrangements  to  the  above  are  provided  in  the 
Antarctic  single-acting  compressor  (designed  by  Mr.  Norman 
Selfe,  C.E.)  made  by  the  Antarctic  Refrigerating  Machine  Co.,  of 
^)'i"e)',  N.S.W,  and  San  Francisco,  and  in  that  of  the  Auldjo  Machine 
'-"'I..  Australia. 

The  ammonia  compression  machines  constructed  by  the  Case 
Refrigerating  Machine  Company,  of  Buffalo,  N.Y,,  U.S.,  are  of  massive 
'mild,  and  at  the  same  time  are  so  designed  as  to  take  up  a  com- 
P'Uatively  small  amount  of  floor  space. 

A  special  feature  in  their  constniction  is  that  the  piston-rods  of 
''Oth  the  compressor  cylinder  and  the  steam  engine  cylinder  are 
cnooected  to  the  same  cross-head  which  works  between  the  said 
cylinders.  The  steam  cylinder  is  situated  below  and  directly 
in  line  with  the  compressor  pump  cylinder,  thus  admitting  of  a  direct 


1 


9S  REFRIGERATION  AND    COLD  STORAGE. 

nission  of  power  iii  a  straight  line,  and  doing  away  with  all  ths 


\ 


strains  and  friction  which  occur  in  the  case  of  a  crank-shaft  and 
oecting-rods.     A  constant  stream  of  water  is  kept  flowing  throuj 
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ET-jacket  surruunding  the  mmpressinn  cylinder  to  keeji  the  laltw  | 
I  during  work- 

Another  point  in  this  make  of  compressyr  is  that  the  suction  and  ' 
harge  valves  work  horizontally,  an  arrangement  which  admits  of 
wing  only  a  very  small   pocket  for  the  retention   of  compressed 
and  of  reducing  the  clearance  tn  the  Inwest  possilile  fraction, 
A   double-acting    horiwmlal    amntunia    compressor    manufactured 
Lhe  A.  H.  Barber  Manufacturing  Company,  of  Chicago,  III.,  U.S., 
liown  in  Fig.  49. 
The  machines i.f  thisiomiiany  arc  as  ariilelniilt  viiiha  licix framing 


■  B  central  crank  in  the  case  of  helt-driven  machines,  and  a  Tangye 
lem  frame  and  side  crank  when  coupJeil  directly  to  a  steam  engine, 
;  cylinder  is  sunk  into  the  frame,  the  cylinder  flanges  being  set  in 
centre  of  and  strongly  bolted  to  the  frame,  thus  equalising 
pressure,  so  that  the  cylinder  has  no  possible  chance  to  move  or 
k ;  and  a  flat  locomotive  pattern  guide  is  employed  which  admits 
:he  iiame  of  the  machine  being  formed  both  deep  and  rigid  and 
lering  it  practically  impossible  for  the  cylinder  to  get  out  of  line. 
The  cylinder  and  valves  are  completely  surrounded  by  water,  thereby 


.v^^ 
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preventing  the  springs  of  the  latter  from  becoming  overheated  and 
losing  their  tension,  ant!  in  this  manner  increasing  their  efficiency. 
The  valies  and  their  seatings  are  constructed  of  tool  steel,  and  an 
hardened  to  render  their  life  as  long  as  possible.  The  vah'cs,  more^ 
os'er,  can  be  easily  removed  without  having  to  disturb  any  other  jointly 
The  piston  is  light,  fitted  with  metallic  pacliing  rings,  and  the  piston^ 
rod  stuffing  box  is  rendered  perfectly  gas  tight  by  a  double  packing 
with  a  central  oil  chamber.  The  arrangement  of  the  lubricator  ifl 
such  that  it  will  oil  the  cylinder,  valves,  and  piston-rod.  A  strainef 
placed  in  the  suction  pipe  or  conduit  near  the  compressor  prevents  aaj 
scale  or  other  matter  passing  into  the  latter. 

The  smallest  possible  amount  of  clearance  (one-sixty-fourth  of  an 
inch  at  each  end  of  the  piston  stroke)  is  left,  and  provision  is  made  for 
the  taking  up  of  any  slackness  in  the  connecting  rod  through  wear  oa 
the  crank-shaft  or  guide. 

The  valves,  which  are  of  a  patented  fonn  of  construction,  cannot 
by  any  chance  drop  into  the  compressor  cylinder,  there  being  no  nuts  or 
keys  to  wear  out  and  get  loose.  The  compressor  shown  in  Fig.  49 
is  one  of  12  ton  refrigerating  capacity,  and  is  connected  directly  with 
the  driving  shaft  of  a  horizontal  Corliss  engine,  with  a  heavy  fly-whed 
located  between  to  answer  for  both.  The  floor  space  occupied  by  thi< 
machine  (engine  and  compressor)  is  8  ft.  by  9  ft. 

It  is  claimed  by  the  makers  that,  owing  to  the  extremely  smafl 
amount  of  clearance  in  the  pump  cylinder,  and  the  arrangement  of  thC 
valves,  it  is  possible  for  each  stroke  of  the  piston  to  compress  the  full 
area  of  gas  contained  in  the  cylinder. 

In  Fig.  50  is  illustrated  an  8  ton  compressor  supplied  by  the  above 
company  to  do  refrigerating  work  in  the  dairy  building  at  the  Tran»- 
Mississippi  Exposition,  at  Omaha,  Neb.,  U.S.  This  machine  is  coO" 
nected  by  a  shaft  to  an  electric  motor  through  a  raw-hide  pinion  and 
cut  gear,  the  motor  and  compressor  being  both  mounted  upon  tbl 
same  base  or  bed-plate.  As  this  arrangement  does  away  with  all  belttj 
hang^s,  or  shafting,  it  occupies  but  little  space,  and  it  is  always  leadf 
for  work.  The  makers  state  that  they  can  from  experience  thorough^ 
recommend  the  adoption  of  this  pattern  machine  when  electric  powfl 
is  to  be  used,  having  installed  a  number  of  different  sized  compressdl 
with  the  electric  motor  connected  up  in  this  manner,  and  they  beirt 
found  in  practical  working  to  give  great  satisfaction,  and  to  require  Im 
little  attention. 

Fig.  5 1  shows  a  very  small  ^gle-actir^  amnKXiia  compreaM 
known  as  the  "  baby  compressor."  made  by  the  same  company.     J 
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will  be  seen  from  the  illustration  this  compresisor  is  of  the  incluseil 
type,  the  piston  and  crank-shaft  running  in  an  oil  bath,  an;!  therefore 
working  noiselessly  and  requiring  little  or  no  attention.  The  com- 
pressor is  coupleti  direct  to  a  lertical  engine,  the  power  required  to 
drive  being  under  3  horse-power.  The  refrigerating  capacity  of  this 
Utile  machine  is  one  and  a-half  tons,  and  it  is  adapted  for  use  in 
:  markets,  butchers'  cold  stores,  hotels,  etc.,  in  fact 


in  any  place  where  c 


e<Ied. 


H 


Ammonia  compression  machines  of  several  different  patterns  are 
built  by  the  Vulcan  Iron  Works,  San  Francisco,  California,  U.S.  Their 
horizontal,  double-acting  type  of  compressor  has  a  strong  girder  frame. 
The  compressor  pump  cylinder  (Fig.  52)  is  furnished  with  a  piston  of 
Mlra  length  filter!  with  spei-ial  packing  rings  that  wi!l  take  up  any  wear 
that  maiV  develop.  A  are  the  suction  inlets,  ami  B  jirelhedi.srharge  nutlets. 
The  suction  and  discharge  valves  are  of  steel,  simple  in  constructicin,  of 
large  area,  easily  removable  for  cleaning  or  inspection,  and  they  are  so 
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made  and  arranged,  being  pro\-ided  with  a  proper  safety  device  (wh 
will  be  seen  from  the  sectional  view.  Fig.  52),  thai  in  case  of  accidi 
they  cannot  fall  into  the  cylinder  and  wreck  the  machine.  As  ■ 
be  seen  from  the  ilkistration,  moreover,  the  stufling-bo!c  of  the  pisi 
rod  is  provided  with  an  oil  cellar  or  chamber  c  through  which  cold 
is  constantly  circulated  by  means  of  a  pump  attached  to  the  top  of 
frame,  this  oil  bath  serving,  as  in  other  machines,  the  double  purp 


of  acting  as  a  seal  to  prevent  the  leakage  of  any  ammonia,  and 
lubricating  tha  pision-rod.  The  cylinder  of  the  ammonia  compress© 
water-jacketed,  and  neatly  lagged,  a  circulation  o£  water  being  kept 
through  the  jacket  to  remove  the  heat  generated  by  the  compien 
of  the  ammfxiia  gas.  ■ 

The  compressor  is  provided  with  a  dirt  trap  for  catching  1 
iniercepling  any  foreign  matter  that  may  be  brought  back  fromfl 
espansion  pipiiig,  and  preventing  it  from  passing  into  the  cylin^ 


Suitable  cross  connections  are  also  provided  for  enabling  the  condenser 
to  be  pumped  out  for  examination,  repairs,  etc.  The  cross-head  and 
connecting-rod,  as  well  as  the  crank-pin  and  the  main  bearing,  are 
formed  of  extra  strength  and  with  large  wearing  surfaces,  every  pro- 
rision  being  made  for  meeting  any  excess  of  regular  duty. 

The  construction  of  the  compressor  will  be  readily  understood  from 
the  above  deserifjtion  and  from  an  inspection  of  the  sectional  view. 
Fig.  52.  They  are  built  in  sizes  from  10  tons  refrigerating  capacity 
and  upwards,  and  can  be  worked  either  on  the  dry  or  wet  gas  system. 
The  compressors  are  constructed  fi-r  beit  driving,  or  are  connecteil 
dire'-l  to  a  Corli.ss  or  Meyer  ciii  '■(!  steam-engine. 


A  small  vertical  single-acting  compressor  of  the  inclosed  type, 
Jlsu  made  by  the  above  firm,  is  shown  in  the  sectional  views,  Figs,  5.1 
^i(!  54.  The  construction  of  the  machine  is  as  follows :  A  is  the  piston 
)ote.  B  is  the  piston  yoke  guide,  c  are  the  yoke  blocks,  d  is  the 
'rink  box.  e  is  the  crank  sleeve,  f  is  the  guide  bushing,  g  is  the 
'fink-shaft  bushing,  h  is  the  crank-.shaft  stuffing  box  gland.  1  is  the 
"il  vilve.  J  is  the  suction  valve,  k  is  the  discharge  valve,  l  is  the 
discharge  valve  guide,  M  is  the  cylinder  head,  n  is  the  discharge 
nlve  cap  and  lensiim  spring,  o  is  the  suction  valve  seat.  P  is  the 
pipe  gland,  Q  are  the  gauge  valves,  k  is  the  packing  or  dividing 
s  is  the  relief  valve,     r  is  the  hollow  box  frame  or  casing 

s  a  dirt  trap  for  intercepting  any  foreign  matter  and   preventing 
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s  thereof  to  the  pump  cylinder,     v  is  the  body  ot  frame  of  the 
compressor,     w  is  the  bed  ot  base  plate,     x  is  the  guide  cover, 
is  the  crank-shaft.     And  z  is  the  crank  box  wearing  strip. 

The  cylinder  opens,  it  will  be  seen,  into  the  crank  chamber,  the 
sides  of  which  constitute  the  supporting  frame,  thereby  bringing  the 


cylinder  and  shaft  close  together.  The  crank  is  forged  on  end  of  i 
heavy  steel  shaft  which  passes  through  a  stuffing  or  packing  box  ant 
gland  in  the  side  of  the  crank  chamber,  and  the  crank  pin  is  of  specid 
construction,  having  a  hardened  steel  sleeve  held  in  place  by  a  collaii 
The  motion  is  transniittei!  to  the  piston  through  a  strung  yoke  havi 
a  guide  on  its  lower  side.     A  movable  cover  or  bonnet  plate  T  admin 
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of  access  being  bad  to  the  crank  chamber.  The  latter  chamber  is 
filled  with  oil  to  a  level  just  above  the  packing  box  of  crank-shaft, 
the  height  of  the  oil  in  tbe  chamber  being  shown  at  any  time  by  the 
giuge  glass  shown  in  Fig,  53,  and  this  oil  bath  both  acts  as  a  lubri- 


CMt  lo  the  moving  parts  of  the  machine  in  the  crank  chamber,  and  also 
as  a  seal  for  the  packing  box  of  the  crank-shaft. 

The  ammonia  gas  enters  the  crank  chamber  below  the  piston,  the 
suction  valve  is  provided  ivith  a  safety  cage  and  is  situated  in  the 
centre  of  the  piston,  and  the  discharge  valve  is  placed  in  ihe  cylinder 
head,  and  both  these  valves  are  made  of  forged  steel.     A  water-jacket 
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having  a  proper  outlet  surrounds  the  pump  cylinder,  and  suitable, 
facilities  for  cleaning  are  provided.  The  wearing  parts  bdng  supplied 
with  removable  bushings  tends  lo  prolong  the  life  of  the  machine  at  a 
small  future  expense. 

This  inclosed  type  of  vertical  single-acting  compressor  is  madi 
siiea  varying  from  'fy  ton  up  to  3j4  tons  refrigerating  capacity  per 
24  hours.  Another  pattern  of  this  machine  has  two  of  these  t 
pressors  mounted  upon  one  base  or  bed-plate,  and  connected  by  a  solid 
steel  shaft  with  a  crank  on  each  end,  and  a  single  fly- 
wheel located  centrally  between  the  cylinders.  The  working  parts 
of  this  compressor  are  identical  with  the  above,  and  this  t}-pe  is  made' 
of  from  5  to  10  tons  refrigerating  capacity  per  24  hours.  The  smaQ 
yk  ton  machine  requires  only  from  Yi,  lo  J-^  horse-power  for  driving 
purposes,  and  the  floor-space  occupied  is  only  18  in,  x  30  in. 

A  compressor  of  the  inclosed  type  with  two  cylinders  in  line  horizon- 
tally is  likewise  made  by  Mr.  B.  Lebnin,  of  Nimy,  Belgium,  in  whicb 
any  escape  of  ammonia  past  the  pistons  is  received  in  a  bell-shaped 
receptacle  abo*'e  the  crank  chamber,  and  after  passing  through  A 
strainer  is  drawn  in  by  the  pumps  on  their  suction  strokes. 

The  St.  Clair  compressor  is  one  of  the  compound  type,  consisting 
of  a  combination  of  two  or  more  single-arting  compressors  in  such 
manner  that  the  gas  is  partly  compressed  at  a  lower  pressure  in  ono 
compressor,  and  then  passed  to  another  wherein  the  higher  compres- 
sion b  applied.  TIus  machine  has  been  lately  greatly  improved  bfi 
Mr.  Thomas  Shipley,  and  is  manufactured  by  the  York  Manufacturing 
Company,  of  York,  Pa..  U.S. 

A  number  of  other  types  of  ammonia  compression  machines  will 
be  found  described  in  the  chapter  devoted  especially  to-marine  refrigM* 


CHAPTER  VII. 
THE  COMPRESSION  PROCESS  {continued). 

Properties  of  Ether. — Modern  Ether  Machines.— Properties  of  Methyl  Chloride. — 
Methyl  Chloride  Machines. — Properties  of  Sulphurous  Acid. — Sulphurous  Acid 
Machines. — Properties  of  Carbonic  Acid. — Carbonic  Acid  Machines. 

Properties  of  Ether,  and  Ether  Machines. 

C  H   ) 

Ether  r'  h*  1  ^  ^^  ^  colourless  liquid  of  great  mobility,  and  possessed 

of  astrong  and  peculiar  etherial  smell.  Ether  is  lighter  than  water  having 
a  specific  gravity  0*736,  and  it  is  not  miscible  with  the  latter  liquid. 
The  boiling  point  of  ether  is  34'5°,  and  its  vapour  is  37  times  heavier 
than  hydrogen.  Ether  burns  with  a  luminous  flame,  and  explodes 
^hen  it  is  mixed  with  air.     The  specific  heat  of  liquid  ether  is  0*51. 

The  advantages  and  disadvantages  of  ether  as  an  agent  or  medium 
have  already  been  touched  upon  (page  43),  but  they  may  be  here 
recapitulated. 

The  great  feature  of  ether  is  that  it  possesses  the  quality  of  working 
*ith  a  low  pressure  in  the  condenser,  an  advantage  of  considerable  im- 
portance in  very  warm  climates,  as  the  efficiency  of  a  low  pressure  ether 
machine  does  not  fall  off  appreciably,  even  when  the  condensing  water 
attains  to  a  comparatively  high  temperature.  This  is  also  advan- 
tageous by  reason  of  the  low  condenser  pressure — not  exceeding  from  7 
to  10  lbs.  per  square  inch,  even  in  the  hottest  climates — being  favour- 
able to  the  maintenance  of  tight  joints,  and  the  consequent  economy  of 
the  chemicals.  This  low  working  pressure  and  the  great  simplicity  of 
all  the  working  parts,  renders  this  class  of  machine,  moreover,  com- 
paratively easy  to  manage. 

On  the  other  hand  the  large  size  of  the  compressor  required,  about 
seventeen  times  that  of  an  ammonia  compressor  of  the  same  capacity, 
^  objectionable,  both  by  reason  of  first  cost  of  the  machine,  and  the 
space  occupied  by  it.  Another  serious  objection  is  the  highly  in- 
flammable nature  of  ether.     Owing  to  its  low  boiling  point  great  pre- 
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cautions  are  necessary  to  avoid  explosions,  when  using  this  substance) 
by  reason  of  the  vapour  becoming  mixed  with  air. 

All  formula  and  rules  intended  for  use  with  ammonia  compressor* 
are  equallj'  applicable  to  ether  compressors,  except,  however,  that  it 

t  be  noted  that  the  specific  heat  of  the  saturated  vapour  of  eiha 
is  positive,  and  that  consequently  it  ttiU  super-heat  during  expansiwi, 
and  will  condense  during  compression.  This  quality  renders  it  un- 
necessary to  make  any  provision  against  super-heating,  and  an  ether 
compressor  is  invariably  workeil  with  dry  vapour. 

The  ether  machines  of  Twining,  Harrison,  Tellier,  Siebe  Gorman 
and  Co.,  and  Delia  BefFa,  have  been  already  briefly  alluded  to  on  pages 
36  to  43.  In  Fig.  S5  is  iilustrated  a  modem  standard  tjpe  of  ethcf 
machine  constructeii  by  H.  J.  West  and  Co.,  Limited,  London,  which 
the  company  now  supply  for  use  in  tropical  countries.  A  commercially 
successful  ether  compression  machine  for  the  manufacture  of  ice  in 
large  quantities,  was  built  by  Mr.  Henry  J.  West,  the  founder  of  thi» 
finn,  in  the  year  1859,  and  the  manufacture  of  machines  of  this  type 
has  been  continued  successfully  up  to  the  present  day.  The  machine, 
shown  in  the  illustration  (which  is  intended  to  be  belt-driven)  is  of  the 
horizontal  type,  anil  is  arranged  with  the  condenser  on  one  side,  audi 
an  ice-making  tank  upon  the  other. 

In  the  larger  pattern  of  ether  machines  made  by  the  firm,  having: 
a  capacity  of  from  iz  cwts.  of  ice  daily  and  upwards,  the  ether  coib^ 
pressor  is  placed  on  the  same  bed  plate  as  the  steam  engine,  and  11 
connected  tandem-wise  to  the  engine  piston-rod.  The  motion  work  (A 
these  machines  is  of  sufficiently  massive  con.'st ruction,  and  all  wearing 
surfaces  are  of  ample  proportions,  each  bearing,  moreover,  being  pro 
lided  with  an  automatic  lubricator. 

An  ether  compression  machine  not  being  called  upon  to  withstxn^ 
the  same  high  pressures  as  a  carbonic  acid  machine,  or  ever  an  »ae 
monia  machine  (the  working  pressure  of  an  ether  machine  being  only 
about  7  lbs.  to  ro  lbs.  per  square  inch  above  that  of  the  atmosphere), 
the  same  strength  of  construction  is  not  demanded,  and  the  design  is 
very  considerably  simplified.  The  difficulty  of  making  and  maintaining! 
tight  joints  is  a  comparatively  easy  matter.  The  pressure  under  which 
ether  evaporates  in  the  refrigerator  being  lower  than  that  of  the  ex- 
ternal atmosphere,  but  a  very  slight  tendency  exists  towards  leakage  stf 
the  gland  of  an  ether  cnrapressor.  Any  leakage,  moreover,  of  air  that 
may  occur  into  the  ether  machine  through  faulty  packing  or  joinU| 
merely  causes  a  slight  accumulation  of  pressure  in  the  condenser,  whi<^ 
can  be  easily  relieved  by  means  of  a  valve  provided  for  the  purpose. 
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As  ether  possesses  nu  affinity  fur  the  uciiistitiient.-i  nf  ihe  atmusphere, 
s  consequently  no  danger  of  decomijusition  taking  place,  and  the 
tomiation  of  acids  or  gases  that  may  act  injuriously  on  the  interior  sur- 
faces of  the  machine,  as  is  the  case  with  sulphurous  acid,  which,  under 
like  conditions,  decomposes  and  forma  sulphuric  acid. 

A  quality  j>ossessed  by  ether  is  that  it  is  in  a  liquid  stale  at  the 
ordinary  atmospheric  pressure,  and  at  the  usual  atmospheric  tempera- 


tures, 60  that  it  can  be  diawn  out  of  the  plant  at  any  time  and  stored  in 
'trams.  This  fact  renders  ether  an  especially  suitable  agent  or  medium 
for  use  in  portable  refrigerating  and  ice-maiing  plants,  consequently 
inichines  working  on  the  lnw  pressure  ether  anhydride  process  are 
those  most  usually  chosen  for  militarj-  purposes,  and  such  machines 
were  successfully  used  by  the  British  Government  for  military  operations 
and  field  hospital  work  in  the  Abyssinian  War  in  1868,  the  Ashantee 
Campaign  in    1874,  the  military  operations  in   Egypt  in    1883,   the 
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^K        Ashantee  Campaign  of  1895.  the  Souriati  Campaign  i>f  1896-97,  and 

^H       the  present  protracted  ani!  unfortunate  war  in  South  Africa. 

^B       Properties  of  Methyl  Chloride,  and  Meth^t,  Chloride  Machines, 

Another  very  low  pressure  agent  or  medium   is  methyl   chloride 

(CH3CI),  which  is  obtained  as  a  colourless  gas  which  condenses  at  —  ao" 

Fahr.     Methyl  chloride  is  formed  by  acting  upon  methyl  alcohol  with 

hydrochloric  or  muriatic  acid,  or  with  phosphorus  pentachloride,  and 

is  also  obtained,  together  with   other  substances,  by  the   action    of 

chlorine  upon  marsh  gas. 

Machines  operating  with  methyl  chloride  as  an  agent  are  manufac- 
tured by  Messrs.  Douane  of  Paris.  As  the  pressure  used  with  this 
agent  does  not  exceed  10  lbs.  per  square  inch  above  that  of  the  at- 
mosphere, the  same  remarks  apply  to  methyl  chloride  compressors  as 
to  ether  compressors,  and  the  construction  is  practically  idMitical.  The 
condenser  and  evaporator  tubes  of  the  methyl  chloride  machines  made 
by  Messrs.  Douane  are  all  covered  with  electro-deposited  copper. 

In  Fig.  56  is  illustrated  in  vertical  central  section  a  compression 
machine,  designed  by  Mr.  M.  E.  Douane.  In  this  machine  the  cool« 
or  refrigerator  is  shown  on  the  left  hand  side  of  Ihe  drawing.  There 
is  a  hollow  standard  surmounted  by  a  single-acting  cylinder,  the  top  of 
which  has  valves  for  suction  and  discharge.  The  space  above  the  dis- 
charge valve  communicates  with  a  coil  leading  by  a  tube  to  the  stop- 
cock serving  for  the  admission  of  the  refrigerating  liquid  in  the  cooler. 
The  chamber  underneath  the  suction  valve  communicates  by  a  pipe 
with  the  outlet  of  vapour  from  the  cooler.  A  gauge  screwed  upon  a 
nozzle  shows  the  pressure  in  the  cooler.  The  piston  of  the  compressor 
is  worked  by  a  rod  and  crank  shaft  which  passes  through  a  stuffing  box 
in  the  side  of  the  hollow  standard. 
Properties  of  Sulphurous  Acid,  and  Sulphuhoos  Acid  Machines. 
Sulphurous  Acid  or  sulphur  dioxide  (S  0')  is  a  gas  obtained  by  the 
burning  of  sulphur,  as  has  been  already  mentioned  on  pages  43  and  44. 
Sulphurous  Acid  has  a  molecular  weight  of  65,  and  a  density  of  31. 
The  specific  heat  of  liquid  sulphurous  acid  is  '41  (water  =  i).  The^ 
critical  pressure  is  79  atmospheres,  and  the  critical  temperature  3 
Fahr.  The  specific  gravity  of  the  gaseous  acid  is  1-2 11  (air  =1),  and 
the  specific  gravity  of  the  liquid  at  a  temperature  of  —  4*^  Fahr.  is  i"49i.  , 
Andreef  gives  the  following  formula  for  expressing  the  relation  o^ 
the  specific  gravity  j  of  the  liquid  to  the  temperature  1:^ 
■f=  1-4333  — f'°°277/-  o'ODoaooj?!  /". 
Sulphurous    acid     it     sulphur     dioxide     possesses     the     advantage 


ol  l)eing  liquerial)le  at  a  comparatively  low  leiiii>eralure,  and 
michines  adapted  to  use  this  agent  or  medium,  whilst  not  operating  at 
anything  like  as  low  a  pressure  as  ether  or  methvl  chloride  rr 
still  work  at  a  very  much  lower  one  than  ammonia  machines,  with 
condensing  water  at  normal  temperature,  the  pressure  being  only  from 
about  36-75  to  44  lbs.  per  square  inch.  Sulphur  dioxide  possesses 
certain  lubricating  qualities,  consequentlv  compressors  using  this  agent 
require  no  mtra  lubrication. 

Sulphur  dioxide  is  liable  to  form  sulphuric  acirl  on  exposuie'to  the 


Fig-  56.- 


Vertical  Central  : 


air,  and  cause  corrosion — iron  being  the  metal  chiefly  acted  upon,  and 
gun  metal  or  copper  being  tolerably  immune  against  attack.  Conse- 
quently it  is  necessai)-  to  take  great  precautions  against  the  presence  of 
any  leaky  joints  in  the  apparatus. 

This  comparatively  low  working  pressure,  and  consequent  corre- 
spondingly low  temperature  of  compression,  admits  of  machines  using 
this  agent  working  without  superheating,  and  with  dry  vapour.  This 
latter  is  not  practicable  in  the  case  of  machines  working  with  either 
ammonia  or  carbonic  acid,  in  both  of  which  superheating  is  impossible 
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— especially  so  in  the  case  of  carbonic  acid — on  account  of  the  over- 
heating of  the  piston  and  stuffing  box  that  would  occur,  and  conse- 
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quently  all  these  latter  machines  work  more  or  less  on  the  wet  systei 
and  a  small  portion  of  the  work  of  evaporation,  which  ought  to  t 
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n  the  refrigeraliT  exclusively,  has  lo  he  effecleiJ  in  the  com- 

lumtier  of  different  patterns  of  machines  adapteil  to  work  with 
■  dioiide  are  made  by  Quiri  and  Co.,  Schiltigheim,  Alsace.  The 
t  type  of  machine  made  by  this  firm,  which  is  shown  in  Fig. 
i  a  venjcal  compres.sor,  the  cylinder  being  boiled  to  the  lower 
faich  is  formed  in  one  piece  with  the  guides,  ihe  latter,  as  well 
ink-shafl  journals,  being  cast  mgether  with  the  condenser. 
inpressor  is  of  the  double-acting  type,  and  is  provided  with 


E  phosphor  bronze,  with  steel  spindles.     These  machines  are 
in  sires  of  from  4S4'  cwts.  to  12  cwts.  ice-making  capacity  per 

e  larger  sizes  of  machines  are  of  the  double-acting  horizontal 
I,  and  are  arranged  either  for  belt  or  rope  drive,  or  are  direct 
d  to  a  steam  engine. 

e  belt-driven  compressors  consist  either  of  a  single  cylinder 
^ting  pump,  such  as  that  shown  in  Fig.  58,  wluch  is  of  re 
Ijb  simple  consiniction,  or  of  two  practically  similar  pumps, 
Eeoupled,  that  is  to  say,  arranged  side  by  side,  and  having  a 
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single  crank-shaft  with  two  end  rranks,  and  a  central  fly- 
the  two  compressors  adaptei]  for  a  rope  drive. 

In  another  arrangement,  intended  ffjr  rope  driving,  two 
pressors  are  mounted  in  line  upon  the  ends  of  a.  single  bed  p 
the  piston-rods  of  the  compressor  cylinders  are  in  this  case  coupled 
through  their  connecting  tads  to  the  same  crank-pin  upon  a  crank  al 
the  end  of  a  crank-shaft  supported  in  a  bearing  upon  the  bed  plate,  and 
in  an  outside  bearing  in  a  suitable  pedestal.  Upon  this  crank-shaft 
is  a  fly  wheel,  grooved  for  rope  driving.  This  machine  may  be  coupled 
to  a  Sulzer  steam  engine. 

One  pattern  of  steam  driven  compressor  consists  of  a  compressor 
practically  similar  to  that  shown  in  Fig.  58,  laterally  coupled  to  a  steam 
engine  with  slide  valve  motion,  in  a  similar  manner  to  the  two  pumps 
above  mentioned. 

These  anhydrous  sulphuric  acid  compressors  are  each  connected 
with  a  condenser,  either  of  the  submerged  or  immersion  type,  or,  in 
cases  where  condensing  water  is  scarce,  with  a  condenser  of  the  at- 
mospheric evaporative  type,  and  with  a  refrigerator,  and  the  entira 
refrigerating  apparatus  consists  of  these  parts  solely,  no  oil-pumps,  oif- 
separators,  rectifying  apparatus,  or  other  accessories,  such  i 
quired  with  ammonia  and  carbonic  acid  machines  being  necessaiy 
This  fact  obviously  enables  anhydrous  sulphuric  acid  machines  to  b 
very  much  simplified   in   construction,    and    renders   their   i 
working  a  far  easier  matter  to  accomplish,  as  the  manipulation  of  tl 
above  apparati  is  troublesome,  and  to  an  unskilled  attendant  present! 
many  serious  difficulties.     This  system  is  one,  therefore,  which  shoiA 
most  undoubtedly  be  advantageous  for  small  machines  intended  ii 
use  in   hotels,    creameries,    dairies,    and    in    private    houses, 
butchers,  fishmongers,  etc.,  and  in  other  places  where  the  machine  i 
left  to  the  care  f.<i  a  comparatively  unskilled  person. 

A  verj'  small  and  remarkably  compact  belt-driven  anhydrous  sulphi 
dioxide  or  sulphurous  acid  machine,  designed  and  patented  by  Mes 
Douglas  and  Conroy,  and  manufactured  by  W.  Douglas  and  So< 
Limited,  Putne>'.  London,  S,W.,  is  shown  in  l-'igs.  59  to  62.  Instead 
the  compressor  being  mounted  verticaJly  upon  the  side  of  the  conden 
as  it  is  in  the  small  machine  previously  described,  it  is,  it  will  be  w 
placed  horizontally  upon  the  top  of  the  condenser,  and  is  of  the 
closed  type,  consisting  of  two  single-acting  horizontal  cylinders, 
ranged  in  Une,  the  pistons  being  operated  by  a  crank  working  in  a  b 
The  arrangement  will  he  reailily  understood  from  the  general  i" 
the  apparatus  shown  in  Fig.  59,  upon  which  fisr  convenience  the  v«ri 
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pans  are  marked,  and  from  the  various  other  views,  Fig.  60  being  a 
plan  of  the  compressor.  Fig.  61  a  vertical  section  on  the  line  a-b. 
Fig.  60,  and  Fig,  6z  being  a  vertical  section  on  the  line  c-d.  Fig.  60. 

The  c(Miipressor  is  <rf  the  single-acting  duplex  inclosed  type  and 
consists  of  two  cylinders  arranged  in  the  same  line  axially,  united  by  a 


central  casing  forming  the  cranlc  chamber,  and  mounted  011  a  bracket 
on  one  side  of  the  upper  part  of  the  condenser.  The  sides  of  the 
chamber  are  closed  by  gas-tight  covers  in  one  of  which  is  provided 
a  stuffing  box  and  gland  through  which  passes  the  crankshaft  The 
outer  portion  of  the  crank-shaft  is  supported  in  a  bearing  in  a  pedestal 
carried  upon  another  bracket  provided  upon  the  opposite  side  of  the 
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upper  part  of  the  condenser,  and  this  shaft  has  mounted  upon  it}' 
outer  end  the  fast  and  loose  driving  pulleys,  and  on  the  inner  end, 
within  the  central  crank  box  or  chamber,  a  disc  crank. 

The  two  pistons  working  in  the  pump  cylinders  are  rigidly  fastened 
together  by  means  of  a  rectangular  frame  or  plate  secured  between 
them  by  bolts.  The  result  of  this  arrangement  is  that  the  pistons 
act  as  a  continuous  guide,  being  entirely  free  from  lateral  thrusts,  and 
the  usual  guides  are  thus  dispensed  with,  thereby  considerably  simplify- 


1 
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ing  the  construction.  The  pin  of  the  crank  disc  works  in  a  slot  pro- 
vided in  the  central  rectangular  frame  or  plate  connecting  the  pistoni.. 
This  admits  of  a  pause  at  the  end  of  each  stroke,  which  is  advaiK 
tagecus  inasmuch  as  it  gives  the  valves  time  to  re-seat  themselves 
properly  before  the  commencement  of  the  return  stroke. 

Four  valves  are  provided,  two  at  each  extremity  of  the  duplex-pump 
cylinders,  vi/.,  one  for  compression  and  the  other  for  suction,  at 
each  pair  of  similar  valves  is  united  into  one  pipe  by  means  of 
tee  connecting   piece.     The  central  crank  box  or  chamber  is  kepi 
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partially  full  of  oil,  so  that  the  working  parts  are  immersed  in  an  oil 
bath  and  have  the  most  perfect  lubrication. 

The  condenser  consists  of  a  cast-iron  tank  and  senes  as  a  pedestal 
to  support  the  corofvessor.  In  this  tank  is  placed  a  cuij  of  wrought 
iron  pipe  tested  to  a  pressure  of  500  lbs.  per  square  inch,  and  welded 


into  one  piece  without  joints,  in  which  coil  the  sulphurous  acid  gas 
is  hquefied  by  the  pressure  from  the  compressor  aided  by  the  cold 
water  circulating  in  the  tank. 

The  evaporator  or  refrigerator  consists  of  a  suitable  tank  having 
a  coil  submerged  in  brin^  and  when  the  machine  is  used  in  connection 
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with  a  cold  rCMim  or  store  this  evaporator  tank  Is  formed  of  galvanised 
iron  and  of  rectangular  shape,  and  is  placed  directly  in  the  room  or 
store  to  be  cooled. 

Amongst  other  firms  manufacturing  sulphurous  anhydride  compres- 


sion machines  mention  may  be  maJe  of  the  following : — ^A.  Borsig^V 
Tegel,  bd  Berlin,  Germany;  The  Kaoul  Pictet  Company,  of  Parii;^ 
Delion  and  Lepen  of  Pr6  St.  Gervais,  Paris :  the  Society  Genevoise  dsl 
Construction  of  Geneva;  and  Thomas  Ths.  Snbrue  and  Co.,  Ltdj.! 
Aarhus,  Denmark. 
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Properties  of  Carbonic  Acid,  and  Carbonic  Acid  Machines. 

Cirbon  dioxide,  or  as  it  is  coninionlj  called  carbonic  acid  (CO2), 
hu  1  molecular  weight  of  44  and  a  density  of  ti.  Carbon  dioxide  is 
invariably  formed  when  carbon  is  burned  in  an  excess  of  air  or  oxygen. 
The  tiest  method  of  preparation  is  by  acting  upon  marble,  chalk,  or 
niher  form  of  calcium  carbonate  with  hydrochloric  or  muriatic  acid. 
Carbon  dioxide  occurs  free  in  air,  and  in  the  water  of  some  mineral 
springs,  the  quantity  of  the  gas  present  in  air  being  about  4  volumes 
pM  ]o,ooo  volumes  of  air.  As  carbon  dioxide  is  evolved  in  respira- 
tion and  by  the  burning  of  coal-gas,  etc.,  it  is  always  present  in  larger 
quantities  in  dwelling  houses  than  in  the  open  air.  Carbon  dioxide 
gis  ij  given  off  likewise  during  the  process  of  fermentation,  is  found  in 
the  bottom  of  old  wells,  and  constitutes  the  choke-damp  of  the  coal 

The  advantages  to  be  gained  by  the  use  of  this  agent  or  medium 
we:  non-inflammability,  high  specific  gravity,  thus  rendering  its  heat  of 
'^risation  for  a  given  I'olume  much  higher  than  that  of  ammonia ; 
Md  non-corrosive  action  on  copper,  which  latter  quality  is  of  special 
*(ivantiige  in  marine  refrigerating  installations.  The  objections  to  its 
"se  have  been  already  gone  into  in  a  previous  chapter. 

A  simple  and  at  the  same  time  effective  way  to  test  the  purity  of 
liquefied  carbonic  acid  is  to  solidify  it,  in  which  condition  the  slightest 
impurity  can  be  instantly  detected  by  smelling.  A  ready  method  of 
effeaing  this  solidification  is  given  by  the  Carbonic  Acid  Gas  Com- 
pany, London,  as  follows:  "Place  the  tube  on  a  box  or  chair  in  a 
fxiizontal  position,  tightly  fasten  a  small  linen  or  canvas  bag  (4  to  6 
inches  square)  over  the  nozzle  of  the  tube,  and  open  the  valve  fully. 
The  acid  will  then  stream  nut  with  full  force,  become  solid  inside  the 
Mg,  and  remain  in  that  state  for  hours,  evaporating  only  very  slowly. 
Bod  showing  a  temperature  of  about  loo' '  Fahr.  below  freezing  point.'' 

Carbon  dioxide  machines  have  already  been  dealt  with  on  pages  44 
'0  47,  where  brief  descriptions  of  the  original  machines  of  Wind- 
hausen  and  Lowe  will  be  found.  As  will  be  found  there  mentioned  the 
ft'inilhausen  machine  has  been  greatly  improved  by  J.  and  E. 
Hail,  Ltd.,  of  Dartford,  Kent,  the  proprietors  of  the  original  patents, 
ttho  have  been  instrumental  in  introducing  this  system  all  over  the 
world. 

Figs.  63  to  69  illustrate  a  small  exceedingly  compact  and  well- 
designed  belt-driven  carbonic  anhydride  machine  made  by  the  above 
firm.     The  design  of  this  machine  is,  it  will  be  seen,  both  simph 
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and  compHiL't,  aiid  as  the  use  of  this  agent  admits  of  a.  very  small  si 
of  compressor  being  employeil  relatively  to  the  work  performed,  d 
whole  machine  occupies  but  little  space.  The  general  airajigensent ) 
the  machine  will  be  readily  understood  from  the  sectional  view,  Fig.  6 


r 


I 


in  which  C  is  the  compressor  vertically  mounted,  as  shown,  on  \ 
side  of  the  condaiser  tank  or  casing  r,  the  latter  being  fitted  with  c 
n  is  the  evaporator  casing  fitted  with  an  evaporator  coil  /,  and  arrar 
inside  the  condenser  r,  so  that  its  lower  part  is  surrounded  by  the  lat 
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:  condenser  coils  i  rireiipjing  ihtt  aimiil: 
the  evaporator,  and  the  evaporator  casing  «  fonning  an  insulateil  divi- 
sion between  the  condenser  ca.sing  r  and  the  evaporator  coils  /.  a  is  the 
regulating  or  expansion  valve  or  cock,  ajwd  g  and  p  are  respectively  the 
condenser  and  evaporator  gauges,     s  is  the  separator,  p  is  a  patent 


safety  valve,  o  is  a  patent  hollow  oil  gland  for  preventing  leakage 
taking  place  round  the  compressor  piston-rod.  C  o  is  the  connecting 
rod,  J  is  the  crank-shaft,  D  the  driring  pulley,  and  b  the  brine  circu- 
lating pump. 

It  will  be  seen  that  the  machine  consists  essentially  of  a  circular 
jular  cast-iron  tank  r  carrying  the  compressor  C,  inside  which  tank 


mk     ^1 


REFRIGERATION  AND  COI.D  STORAGE. 


\ 


Fig.  65.— Bell-drivcn  Vertical  Type  HaU 
Carbonic  Acid  Compression  Machine.  Vertical 
Central  Section  through  CyUnder. 


aie  the  cc^deiiser  uoils  f,  and 
insiile  these  again  is  a  double 
tank  K,  with  insulation  between 
anc]  the  evaporating  coiJs  t  in 
the  centre 

The  compressor  cylinder  C, 
w  hii-h  is  shown  in  vertical 
h>rigitiulinal  sertior  in  Fig.  65, 
.iinl  in  transverse  or  cross  sec- 
tiiin  looking  on  back  end  in 
Fig.  66,  is  cast  in  a  special 
hard  bronze  for  these  small- 
si  ?:eii  machines,  by  which 
uuraiis  the  two  essentials  of 
^|  iiiiirlness  and  hardness  are . 
i-iiMired,  anil  the  suction  and 
deliver)-  valves  are  identical 
for  facilities  oF  interchange. 
The  compressor  piston-rod 
gland  o  is  kept  gas-tight  by 
means  of  two  cupped  leathers 
on  the  compressor-rod,  as 
clearly  shown  in  Fig.  65.  A 
special  oil  is  fr>n:ed  into  the 
spare  between  these  two  cup 
leathers  at  a  pressure  aliove 
the  greatest  pressure  liable  to 
occur  in  the  compressor,  so 
that  wh3te\*er  leakage  takes  ■ 
place  at  the  gland  is  a  leakage 
of  this  special  oil,  either  into 
the  compressor  cylinder,  or  out 
into  the  atmosphere,  and  there 
can  i>e  no  leakage  of  the  gas. , 
Whnt  slight  leakage  of  the 
special  oil  takes  place  into  the 
compressor  cylinder  is  advan-  r 
tageoiis,  inasmuch  as  it  servef^ 
both  lo  lubricate  the  comprestjl 
snr  and  to  fill  up  all  cleanuicesj 

If  the  gland  should  requi 
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paclung  and  no  cup  leathers  be  avaJlaltle,  ihe  spiral  ring  shown   In 
Fig.  JS7  may  be  used  with  ordinary  packing  (see  chapter  on  "  Manage- 
I      nioit,"  etc.). 

The  loss  of  oil  from  the  lubricator  due  to  leakages  is  replaced  by 


lueans  of  a  small  hand  pump,  a  few  strokes  of  which  will  be  required 

''J  be  made  every  four  or  five  hours  whilst  the  machine  is  at  work,  as 

may  be  indicated  by  the  position  of  the  piston-rod  of  the  hand  pump. 

The  oil  passing  into  the  compressor  cylinder  sen-es  the  purpose,  as 
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I'ig-  ^1- — Bill-driveii  Vertical  Type, 
Hall  Carbonic  Acid  Compression 
Macliiiie.  Vntical  Seel  ion  llirough 
Spiral  Packing  Rine- 


if  rilling  uj)  the  clearance  spaces,  and  any  surplus 
required  for  this  purpose  will  be  discharged  with  the 
gas  through  the  deliver)*  valves.     Id 
'•'^~  order  to  prevent  the  oil   discharged 

^  with  the  gas  from  passing  into   the 

^  condenser  coils,   all   the  gas    is  deli- 

'  vered  into  the  separators  wherCTn  it 

ll^^^  is  made  to  impinge  against  the  sides 

^^^         of  the  vessel,  and  the  oil  adhraing  to 
^  I  he  latter  drains  to  the  bottom,  and  is 

(Iraivn  off  from  time  to  time  as  occa- 
sion may  require,  whilst  the  com- 
presseti  gas  passes  off  by  an  opening 
;ii  ihe  top  on  its  way  to  the  cond«tser. 
I II  the  suction  passage  is  fitted  a  suit- 
:hle  copper  strainer  as  shown  in 
1-ig.  68. 

The  condenser  consists  of  coUs  e, 
of  wrought-iron  hydraulic  pipe,  usually 
of  i3-)6-inch  bore,  which  in  the  sub- 
merged or  immersed  type  employed 
in  the  present  example  are  placed  in 
the  tank  r,  and  surrounded  with  water. 
The  coils  are  eiectricaJiy  welded  to- 
void  the  presence  rf  any  joints  inside 


gether  into  such  lengths 
the  tank  r. 

The  evaporator,  or  refrigerator  consists  of  an  insulated  tank  n, 
containing  nests  of  coils  /,  also  formed  of  long  lengths  of  electrically 
welded  wrought-iron   hydraulic  pipes  within   which  the  carbonic  an- 


hydride evaporates.  The  heat  required  for  evaporation  is  obtained  \ 
from  the  brine  surrounding  the  pipes,  A  regulating  or  expansion  valve  j 
0  placed  between  the  condenser  coils  e  and  the  evaporator  coils  t  ad- 
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mits  of  the  quantity  of  liquid  carbonic  anhyilriLle  passing  from  the 
condenser  being  suitably  regulated. 

To  enable  ihe  compressor  C  to  be  opened  up  for  examination  of  the 
valves  and  piston  without  loss  of  carbonic  anhydride,  stop  calves  are 
fitted  on  ihe  suction  and  delivery  sides,  by  means  of  which  the  carbonir 
anhydride  can  be  confined  lo  the  condenser  and  evaporator. 

As  the  machine  might  be  again  started,  after  being  thus  shut  down, 
without  the  delivery  valve  being  opened,  which  would  lead  to  an  ex- 
cessive pressure  m  the  delivery  pipe,  owing  to  there  being  no  outlet 
from  the  latter,  and  probably  result  in  the  fracture  of  this  pipe,  a 
safety  valie  p  is  provided.  This  safety  valve,  which  is  shown  in  ver- 
tical central  section,  drawn  to  an  enlarged  scale,  in  Fig.  69, 
consists,  it  will  be  seen,  erf  an  ordinary  spring  safety  valve, 
at  the  base  of  which  is  a  thin  copper  disc  a,  which  is  de- 
signed to  relieve  any  excessive  pressure,  considerably  below 
that  to  which  the  machines  are  tested.  The  disc  is  made 
perfeciU  gas-tight,  an  object  wluch  it  would  not  be  pos- 
sible to  ol>tain  by  means  c^  the  spring  safety  valve  alone, 
and  this  lailCT  only  comes  into  action  upon  the  rupture  of 
the  copiJer  disc  a. 

Great  care  has  necessarily  lo  be  exadsed  in  making 
these  copper  discs,  so  as  to  guard  against  variations  in 
Beh'*'  d^'~  strength,  due  to  any  differences  either  in  the  thickness  or 
v  e  1 1  i  e  a  1  hardness  of  the  copper  sheets  out  of  which  the  discs  are 
Type      Hnll    made. 

Add    Com-  About  I  %  brake  horse-power  is  required  to  drive  this 

prcssion  Ma-    smallest  size  self-cwilained  veritcal  type  of  machine. 
licJ^Cenirai  '^'''^  Vertical  type  of  combined  compressor,  condenser, 

s  I- 1 1  i  o  n  anil  evaporator,  is  al.so  made  with  a  horizontal  steam  engine 
I^Tit^'e^'"'^  a'tached  at  one  side  of  the  main  casting,  and  driving  on  to 
the  end  of  the  crank-shaft. 
A  horizontal  single  cylinder  double-acting  Hall  carbonic  anhydride 
steam-^nven  compressor,  tandem  pattern,  is  shown  in  Fig.  70.  This 
tjpe  of  compressor  is  usually  ananged  with  compound  steam  cylinders 
placed  tandem-wise,  and  driiing  by  means  of  a  tail-rod  the  carbonic 
anhydride  compressor.  In  this  arrangement  the  tanks  containing  the 
condenser  and  evaporator  are  separate  from  the  machine,  and  can  be 
placed  in  any  desired  position  with  regard  to  the  compressor. 

Fig.    71    illustrates  a  horizontal   duplex   Hal!   carbonir   anhydride 
narhine,  fittal  with  compound  steam  cylinders  arranged  side  by  side, 
d  with  a  surface  or  jet  steam  condenser  located  in  the  front  part  of 


J 


ii6  REFRIGERATION  AND   COLD  STORAGE- 

the  machine  The  two  comjiressors  are,  it  will  be  seen,  driven  by  tail- 
rods  from  the  steam  cylinders,  and  the  cranks  of  the  latter  are  placed 
at  right  angles  (o  each  other,  thereby  ensuring  an  even  turning  move- 
Each  compressor  cylinder  is  arranged  to  deliver  the  compressed 
carbonic  acid  or  carljonic  anhydride  into  an  independent  condenser 
consisting  of  coils  of  pipe,  in  which  the  compressed  carbonic  anhydride 
is  condensed  into  a  liquid  form  by  the  cooling  water  circulating  round 
the  pipes,  the  coils  of  pipes  being  contained  in  a  steel  casing  through 
which  the  water  is  circulated.  A  separate  evaporator  or  refrigerator  is 
1  with  each  of  the  above-mentioned  condensers, 


I'ig.  70. — HodiDtital  Type  oi  Steiua-drivcn  Hall  Carbonic  Acid  Compressor. 


this  evaporator  consisting  of  coils  of  pipes,  in  which  the  liquid  < 
bonic  anhydride  evaporates,  and  during  this  process  cools  the  brine 
surrounding  these  coils. 

t'ig.  72  illustrates  a  steam-driven  vertical  carbonic  anhydride 
machine,  built  by  H.  J.  West  and  Co.,  Limited,  London.  This  type 
of  machine  is  made  in  various  sizes,  from  No.  i  machine  o(  3  cwts.  ice- 
making  capacity  per  14  hours,  up  to  the  No.  8  machine  of  ::  tcms  ice- 
making  capacity  per  24  hours,  the  smaJler  sizes  being  belt-driven. 
The  amount  of  condensing  water  at  55"  Fahr.  required  fw  the  smaller 
size  is  48  gallons  per  hour,  anrl  that  for  the  larger  400  gallons  per  hour. 

The  arrangement  r^f  this  type  of  lertical  c-ompressnr  is  ^-ery  neat 
and  compart.     A  rigid  girder-shaped  vertical  cast-iron   frame  carries 
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the  compressor  and  motion  work,  and  the  perfect  alignment  of  the 

piston-rod  and  cross-head  is  secured  by  buring  the  pump  seat  and 

guide  channel  in  one  operation.     The  condenser,  which  is  of  the  sub- 

eiged  type,  is  placed  behind  ihe  compressor,  and  is  coupled  directly 

ilo  it  by  an  extension  of  the  wrought-iron  coil  without  any  intermediate 

I  jMpes  or  joints. 

These  small  inacfaines  have  compressor  cylinders  cast  from  a  special 
alloy,  QQ^itiiiung  fhe  tequisite  strength  and  soundness,  and 


finishing  to  a  perfectly  hard,  smooth  surface  for  the  pislon-rings  to 

The  construction  of  the  compressor  will  be  readily  understood  from 
the  vertical  central  section  shown  in  I'ig.  73.  The  suction  and  delivery 
valves  are  made  exactly  alike,  and  of  the  same  size  for  the  purpose  of 
interchangeability,  so  that  one  spare  valve  will  replace  either.  The 
valve,  which  is  shown  in  central  section,  drawn  to  a  greatly  enlarged 
sfaJe  in  Fig.  7-t,  is  made-  of  tempered  steel,  and  beats  upon 
phosphor  broriie  seat,  forming  a  perfectly  gas-tight  joint  when  closed. 
Another  point  is  thai  the  weight  of  the  valve  is  reduced  10  a  minimum. 


im,    ^H 
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anrl  the  lift  is  under  one-eighth  of  an  inch,  so  that  it  has  no  teadem 


hammer  itself  to  pieces.     The  method  of  forming  a  gas-tight 
round  the  pistonTod  is  shoivn  in  Fig  71,  and  is,  it  will  be  seen,  ; 
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tically  similar  lo  that  employed  in  Messrs.  Hall's  carbonic  acid  com- 
pressor. Two  capped  hydraulic  ram  leathers  are  placed  face  to  face 
uiiini  ihe  rod  about  three  inches  apart,  the  space  between  them  being 
lillfdwith  oil,  which  is  fed  in  from  the  .small  lubricator  shown  on  the 
left-hand  side  of  the  illustration.     The  oil  bath  which  surrounds  the 


''"I  both  effectively  stops  all  leakage  o[  gas,  and,  at  the  same  lime, 
trves  to  lubricate  the  pi.^ton-rod  and  cylinder,  and  to  fill  up  the 
rljarance  spaces.  The  surplus  oil  passing  through  the  compressor  is 
Tapped  in  an  oil  separator,  from  which  it  can  be  removed  as  desired. 

\  dead  weight  safety  valve  is  fitted  to  all  these  compressors,  except 
file  lery  smallest  size,  and  is  set  to  blow-off  a  little  above  the  highest 
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working  pressure  of  the  machine.  The  design  and  construction  ol  ihia 
little  machine  is  good,  the  bearings  have  liberal  wearing  surfaces,  and 
are  adjustable,  ihus  reducing  wear  and  tear  to  a  minimum,  and  tending 
to  prevent  any  noise  when  running.  Special  attention  is  paid  to  the 
lubrication  of  the  working  parts,  every  bearing  and  working  surface  is 
provided  with  an  automatic  lubricator,  which  feeds  just  sufficient  oil 
to  maintain  the  surfaces  in  proper  working  conditi<:in,  and  no  more,  thus 


preventing,  or  greatly  reducing  dirt,  waste,  and  the  tendency  to  hot 
bearings. 

A  standard  pattern  of  belt-driven  horizontal  carbonic  anhydride 
compressor  is  also  tnade  by  the  same  firm.  The  steam-driven  horizontal 
compressor  is  arranged  tandem-wise  to  the  sleam  engine  cylinder,  anrf 
the  compressor  piston-rod  is  coupled  to  a  tail-rod  on  the  sleam  piston. 
Steam-driven  horizontal  compressors  are  also  made  of  the  duplex  typ^ 
coupled  direct  to  compound  or  triple  expansion  cmdensing  steam 
engines,  and  so  ananged  that  one  half  the  plant,  consisting  of  coi 
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piessot,   coniJenser,   and  eiaporator.   may  be   disconnected  tor  over- 
hauling or  repairs,  whilst  the  other  half  continues  in  operation. 

Machines  of  six  tons  ire-making  capacity  and  over  are  filled  with 
MEopressors  bored  uut  of  a  solid  steel  forging,  by  which  both  soundness 


and  strength  of  material  is  secured,  and  furthermore,  a  hard,  smooth, 
glassy  surface  for  the  piston-rings  and  cup  leathers  to  work  upon. 

Ktoeschell  Bros.  Ice  Making  Company,  of  Chicago,  III.,  U.S., 
manufacture  carbonic  anhydride  machines  of  both  vertical  and  hori 
zontal  patterns,  the  former  being  that  used  for  the  smaller  sizes  of 
machines,  and  the  latter  for  the  larger  ones. 


J 
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Fig.  75  shows  a  front  view  nA  a  small  verticaJ  belt-driven  machine  of 
^-ton  ice-making  capacity  per  24  hours,  and  requiring  t  horse-powet  for 
driving  purposes.  This  type  of  machine  is  made  in  seven  different  sizes, 
the  smallest  being  the  above,  and  the  largest  having  an  ice-making 
capacity  of  3  tons  per  24  hours,  and  requiring  ix  horse-power.  Two' 
vertical  single-acting  compressors  are  located  inside  the  cast-iron  con- 
denser tank,  which  latter  is  mounted  upon  a  frame  consisting  of  a  box 
casting  carrying  the  crank-shaft  and  guides.  The  compressor  cylinders 
are  made  of  semi-steel,  which  secures  the  two  essentials  of  soundness 
and  hardness,  and  the  piston-rods  are  provided  with  a  patent  stuffing 
box  sealed  with  glycerine.  This  device  consists  of  cupped  leathers  on 
the  compressor  rod,  into  the  spaces  or  chambers  between  which 
glycerine  is  forced  at  a  pressure  superior  to  the  suction  pressure  in  the 
compressor,  so  that  aJiy  leakage  at  the  stuffing  box  is  a  leakage  of 
glycerine,  rither  into  the  compressor  cylinder  or  out  into  the  atmos- 
phere, and  not  a  leakage  of  gas. 

Obviously  the  leakage  of  glycerine  into  the  compressor  cylinder 
is  an  advantage,  as  it  both  senes  to  lubricate  the  piston  and  also  to  fill 
up  all  clearances.  The  glycerine  is  forced  into  the  chambers  hf 
means  of  a  hand-pump,  a  few  strokes  of  which  are  required  to  be 
made  every  four  or  live  hours.  Each  cylinder  has  a  suction  and  dis* 
charge  valve,  all  of  which  are  located  at  the  top  of  a  joint  or  commoD 
cylinder  head,  thus  rendering  them  easily  accessible.  The  valves  are 
made  of  forged  steel,  and  are  so  designed  as  to  combine  strength  with 
lightness.  On  one  side  of  the  cylinder  head  is  provided  a  filling 
valve,  which  can  be  easily  connected  by  means  of  a  short  pipe  with  the 
ordinary  dnim  of  carbonic  anhydride  now  in  common  use.  Stop  valve* 
are  provided  in  the  suction  pipe  as  well  as  the  condenser  coil,  so  that 
the  suction  and  discharge  valves  in  the  condenser  coil  can  be  examined' 
without  loss  of  gas. 

The  condenser  consists  of  a  spiral  coil  made  of  extra  strong 
pipe,  surrounding  the  compressor,  and  is  connected  at  one  end  with  the. 
discharge  side  of  the  latter,  and  at  the  other  end  with  a  combined 
stp.irator  and  liquid  recei^'er,  placed  at  the  back  of  the  frame. 

The  crank-shaft  bearings  are  formed  in  the  cast-iron  frame  support- 
ing the  condenser  tank,  and  the  double-throw  crank-shaft  actuates  the' 
compressor  pistons  by  means  of  strong  yokes,  having  guides  at  the 
lower  side,  thus  enabling  the  long  connections,  such  as  connecting-rod* 
and  cross-heads,  which  would  be  otherwise  necessary,  to  be  dispensed' 
with.  The  double-throw  crank-shaft  is  made  of  forged  steel,  and  is 
extended  or  overhanging  at  one  side  of  the  frame,  so  as  to  receive 
the  fast  anil  loose  driving  pulleys. 
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The  receiver  consists  of  a  strong  wrought-iron  cylinder,  with  a 
stop  valve  located  at  the  top,  and  a  blow-off  cock  at  the  bottom^  the 
latter  admitting  of  the  gylcerine  carried  over  from  the  cylinder  being 
drawn  off.  A  gauge  mounted  upon  a  three-way  valve,  by  means  of 
which  it  can  be  caused  to  communicate  either  with  the  compressing, 
or  with  the  suction  side  of  the  machine,  is  provided  on  the  top  of  the 
condenser  tank. 

On  the  opposite  side  of  the  machine  to  the  driving  pulleys  is  pro- 
vided, as  will  be  seen  in  the  drawing,  a  small  hand-pump,  by  the  opera- 
tion of  which  the  cylinders  can  be  lubricated.  A  safety  valve  is  also 
provided  to  guard  against  possible  accident  through  neglect  or  igno- 
rance on  the  part  of  the  attendant. 

The  larger  sizes  of  vertical  combined  compressors  and  condensers 
are  identical  in  design  with  the  exception  that  they  are  fitted  with 
connecting  rods  and  cross-heads  instead  of  yokes,  and  these  cross- 
heads  and  connecting-rods,  as  also  the  main  bearings  and  the  double- 
throw  crank-shaft,  are  all  of  extra  strength,  and  have  large  wearing 
surfaces,  and  every  provision  is  made  in  them,  as  in  the  smaller 
machine,  for  meeting  any  excess  of  regular  duty.  All  the  machines 
are  fitted  with  an  automatic  lubricating  device.  The  machines  are 
also  built  direct  coupled  with  a  vertical  steam  engine,  or  geared  to  an 
electric  motor. 

The  larger  sizas  of  carbonic  anhydride  machines  constructed  by 
the  firm  are,  as  before  intimated,  of  the  horizontal  pattern,  and  their 
standard  sizes  run  from  2  tons  ice-making  capacity  per  24  hours  up  to 
50  tons  ice-making  capacity  per  24  hours,  requiring  respectively  8 
horse-power  and  120  horse-power  for  driving  purposes. 

Fig.  76  shows  a  standard  pattern  of  belt-driven  Kroeschell  horizon- 
tal double-acting  compressor.  The  compressor  cylinder  is  provided 
with  a  jacket  through  which  the  return  gas  passes,  which  arrangement 
it  is  claimed  both  imparts  greater  strength  to  the  cylinder,  and  also 
keeps  it  perfectly  cool.  The  piston-rorls,  connecting-rods,  cranks,  pins, 
and  valves  are  made  of  forged  steel,  and  the  latter  are  marie  identical 
for  facilities  of  interchange. 

Leakage  round  the  compressor  piston-rod  is  prevented  by  an  ar- 
rangement similar  to  that  used  on  the  small  vertical  type  of  machine, 
but  instead  of  the  hand  pump,  a  belt-driven  pump  operating  con- 
tinuously is  provided  for  replacing  the  glycerine  which  leaks  out  of  the 
stuffing  box. 

Any  glycerine  which  passes  into  the  compressor  beyond  what  is 
nece.ssary  to  fill  the  clearance  spaces  is  discharged  with  the  gas  through 


the  delivery  valves.  This  glycerine  is  prevented  from  going  into  the 
system  by  a  separator  in  which  the  glycerine  drains  to  the  bottom,  and 
can  be  drawn  off  from  time  to  time.  As  glycerine  has  no  affinity  fof 
carbonic  acid,  and  consequently  undergoes  no  change  in  the  machine^ 
there  is  no  chance  of  the  condenser  coils  becoming  clogged. 

The  condenser  consists  of  coils  of  wroughl-iron  extra  heavy  pipes 
so  welded  as  to  avoid  any  joints  in  the  tank,  and  arranged  either 
the  submerged  or  on  the  atmospheric  or  evaporative  principle.  The 
evaporator  also  consists  of  similar  coils  of  pipes,  a  regulating  or  et- 


pansion  valve  being  provided  between  it  and  Ae  condenser.  Th< 
safety-valve  consists  of  a  housing  at  the  base  of  which  is  a  thin  clis<^ 
calculated  to  blow  off  at  a  pressure  considerably  below  that  to  whicll 
the  machines  are  tested.  The  joints  have  all  special  flange  unions,  and 
brass  bushings,  and  are  made  absolutely  gas-tight  with  packing  i 
of  vulcanised  fibre  which,  whilst  withstanding  heat,  have  also  suiEcient 
elasticity  to  ensure  the  tightness  of  the  joint  when  either  hot  or  cold. 

The  firm  also  make  belt  or  rope-driven  horizontal  double-acting 
double  compressors  arranged  tandem-wise  or  in  line,  and  driven  from  % 
crank  on  a  central  crank-shaft.  These  machines  are  suitable  for  large 
installations. 


^ 
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A  caibonic  acid  machine  made  by  Ihe  Cochran  Company,  Lorain, 
Ohio,  United  States,  is  of  the  belt-driven  vertical  pattern,  and  the 
compressor  cylinder  is  mounted  upon  a  box-shaped  or  hollow  bed-plate 
in  which  is  placed  the  condenser,  thus  forming  a  very  compact  and  neat 
axraagement,  and  lending  itself  to  transport. 

A  modem  design  of  machine  by  this  company  has  the  hollow  or 
boi  pattern  bedplate  extended,  and  is  driven  by  a  motor  mounted 
upon  the  latter. 

A  compact  and  welldesignet^l  horizonta.1  type  of  carbonic  acid 
compre&sor  '&  ma/Ie  by  the  Atlas  Omipany,  Limited,  Copenhagen, 
whtrh  firm  manufacture  the  refrigerating  machinery  under  the  Schou 
patents,  originally  made  by  the  Tuxen  and  Hanimerich  Company. 

Fig.  76*  shows  a  pattern  <rf  refrigerator  or  evaporator  palenterl  by 
H.  H.  Schou,  which  is  divided  into  two  or  mfire  sections,  connected 
BO  that  the  cross  area  of  a  section  will  be  suited  to  the  state  and  feed 
of  the  cooling  medium  therein.  These  separate  coils  are  either  of 
equal  or  different  lengths,  and  may  be  arranged  in  several  ways.  In 
the  form  shown  in  the  drawing  the  liquefied  agent  enters  th*  coil 
mailied  /,  and  as  it  evaporates  passes  through  the 
coupUng  A,  cotIs  d,  (,  coupling  1,  and  coils  a,  b,  c,  from 
which  the  gas  is  removed  by  the  pipe  g. 

A  recent  design  of  carbonic  acid  machine  built  by 
Mollet,  Fontaine  et  Cie,  of  Lille,  France,  consists  of  a 
single-acting  compressor  direct-driven   by   a   horizontal 
xteam    engine.     The   arrangement    for   forming   a  gas- 
light joint  round  the  compressor  piston-rod  comprises 
a  stuffing  box  having  three  compartments,  the  two  outer     .Schiru's'    Pa- 
ones  being  filled  with  glycerine,  a  small  portion  of  which     '=°'  Refriget- 
is  drawn  in  by  the  rod  into  the  inner  box  or  compart-     porator. 
ment  to  act  as  a  lubricant.     One  erf  these  compressors 
was   ejthibiteil  at  the  late   Paris   Exhibition  in  the    French  brewerv 
section. 

Another  carbonic  acid  machine  shown  at  the  above  Exhibition 
was  one  built  by  F.scher,  Wyss  et  Cie,  Switzerland.  This  machine  com- 
prises a  single  compressor  cylinder  fitted  with  cast-steel  valves  on 
phosphor  bronsre  seats,  and  driven  direct  by  a  horizontal  50  horse- 
power steam  engine.  The  capacity  of  the  machine  is  12  tons  of  ice 
per  24  hours. 

Thomas  Ths.  Sabroe  and  Co.,  Ltd.,  Aarhus,  Denmark,  are  manu- 
facturers of  a  vertical  type  of  carbonic  anhydride  machine,  which  has 
the  foundation  plate  of  the  compressor  and  the  condenser  cast  in  omi 
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piece^  and  all  the  parts  made  interchangeable.  The  general  arrange 
ment  of  the  apparatus  resembles  that  of  HalFs  vertical  pattern  machine 
Carbonic  acid  machines  are  also  made  by  Wegelin  and  Hiibnei 
Act.-Ges.,  Halle  on  Saale;  D.  Stewart  and  Co.,  Ltd.,  Glasgow 
Haslam,  Ltd.,  Derby,  and  others,  whose  machines  the  space  at  ou 
disposal  does  not  permit  us  to  undertake  to  describe  here. 


CHAPTER  VIII. 

CONDENSERS    AND   WATER-COOLING    AND 

SAVING  APPARATUS. 

Submerged  Condensers. — Amount  of  Condenser  Surface  Required. — Amount  of 
Cooling  Water  Required. — Atmospheric  or  Open- Air  Evajwrative  Surface  Con- 
densers.— Amount  of  Condenser  Surface  Required. — Amount  of  Cooling  Water 
Required. — Supplementary  Condensers  or  Forecoolers,  —  Double-l*ipe  Con- 
densers.— Hendrick's  Condenser. — Water-Cooling  and  Saving  Apparatus. — 
Water  Towers. 

As  has  been  already  mentioned  in  the  fifth  chapter,  one  of  the  three 
essential  parts  of  any  compression  machine  is  the  condenser,  the  func- 
tion of  which  is  to  supplement  the  action  of  the  compressor  or  pump. 
The  condensers  in  most  general  use  may  be  classified  under  two 
main  heads,  the  submerged  type  of  condenser  and  the  atmospheric 
or  open-air  evaporative  surface  type  of  condenser,  the  first  having 
^^ways  s(Hne  arrangement  of  coils  immersed  or  submerge<l  in  a  tank 
of  cooling  water,  and  the  second  invariably  consisting  of  coils  of  pipe 
or  tube  exposed  to  the  air,  with  water  trickling  over  them. 

• 

Submerged  Condensers*. 

The  submerged  type  of  condenser  is  the  only  one  applicable  in 

some  cases,  as  for  instance  in  marine  installations ;  it  has,  besides,  certain 

specific  advantages  which  will  be  next  treated  of,  but  it  may  be  pre- 

niised  that  it  consumes  a  large  amount  of  cooling  water,  which,  where 

water  has  to  be  paid  for  at  a  high  figure,  may  amount  to  a  serious 

item  in  the  working  expenses.     The  system,  however,  admits  of  the 

condenser  being  located  in  any  part  of  the  building,  or  in  the  open  air, 

as  may  be  desired,  occupies  comparatively  little  space,   allows  the 

cooUng  water  to  be  admitted  to  the  condenser  at  the  bottom  near  the 

exit  for  the  condensed  gas,  so  that  the  water  gradually  rises  as  it 

becomes  warmer,  until  it  is  discharged  at  the  top,  whilst  the  warm 

gas  entering  the  condenser  at  the  top-header,  flows  downward  through 

the  coils,  and  parting  with  its  sensible  and  latent  heat  to  the  cooling 
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water  becomes  liquiti  and  drains  away  to  the  bottom- header.  And, 
finally,  the  submerged  pipes  in  a  condenser  of  this  description  remain 
clean,  and  therefore  in  an  efficient  condition,  much  longer  than  they 
do  when  exposed. 

To  secure  the  utmost  efficiency  of  a  condenser  of  the  submerged 
type  it  is  absolutely  necessary  that  the  cooling  water  should  be  kept 
in  a  stale  of  agitation  by  some  suitable  means  so  as  to  preven 
formation  and  collection  of  a  film  of  warm  water  round  the  pipes. 

Several  condensers  of  the  submerged  type  have  been  already  illus- 
trated, and  briefly  described,  in  connection  with  various  compression 
machines,   in    previous  chapters. 

Fig.  77  shows  in  vertical  centraJ  section  a  patent  condenser  of  the 
submerged  type,  invented  by  Mr.  Leuig  Chew,  and  manufactured  by] 
Messrs.  H.  J.  West  and  Co.,  Limited,  London. 

The  construction  of  this  apparatu.s  is  almost  sufficiently  obvious 
from  the  drawing,  and  but  little  explanation  is  needed.  A  special 
feature  is  the  automatic  device  for  breaking  up  the  above-mentioned 
film  of  warm  water,  and  dispersing  the  air  bubbles,  thus  bringing  the 
cold  water  into  intimate  contact  with  the  surfaces  of  the  pipes,  and 
promoting  the  most  complete  interchange  of  heaL  This  de\ice  con- 
sists of  a  revolving  agitator,  fitted  with  helical  blades,  which  is  slowly 
and  automatically  rotated  by  a  small  turbine  fixed  on  the  top  of  the 
condenser,  and  operated  by  the  same  water  which  is  afterwards  used 
to  circulate  through  the  condenser  for  cooling  purposes.  This  ar- 
rangement offers  the  obvious  advantage  of  saving  the  expenditure  re- 
quired for  driving  the  agitator,  as  well  as  enabling  the  more  or  h 
complex  arrangement  of  toothed  gearing  and  belt  pulleys,  used  when  it 
is  driven  in  that  manner,  to  be  dispensed  with. 

Compound  submerged  condensers  are  also  constructed  by  some 
makers.  In  one  arrangement  of  this  description  the  hot  gas  from  the 
compressor  is  first  passed  into  a  primary  condenser,  consisting  of 
single  coil  of  pipe  submerged  in  a  tank,  the  gas  and  liquid  leaving  thisi 
coil  at  the  bottom  is  passd  on  to  a  secondary  condenser,  and  is  there 
delivered  by  a  distributing  head,  or  manifold  inlet,  to  the  tops  of  three 
coils  submerged  in  a  second  tank  locateiJ  above  the  first  one.  The 
cooling  water  is  admitted  to  the  bottom  of  the  upper  or  secondary 
condenser  tank,  and  is  taken  frwn  the  top  of  the  latter  to  the  bottom 
of  the  lower  or  primary  condenser  tank,  and  finally  runs  off  by  an  over- 
flow at  the  top  of  the  latter. 

In  a  better  arrangement  than  the  above  the  single  coil  primary  con- 
denser, to  which  the  hot  gas  from  the  compressor  is  first  dehvered,  i#, 
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Dcaied  on  the  lop.  and  (he  secondary  condenser  with  ihree  c 


t  77-— t^l"^*'*  Paleot  SubmergcJ  Type  Condenser.     Vetiical  Central  Section. 


which  the  gas  and  liqiud  is  next  passed,  is  placer]  below  or  underneath 
the  fonner.     The  cooling  water  is,  in  this  arrangement,  delivered  simul- 
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tEmeously  to  the  bottoms  of  both  cumiensers,  anij  is  finally  nin  off 
like  manner  at  the  tops  thereof. 

A  type  of  condenser,  patented  by  Mr.  T.  B.  Lightfootin  1885,  consists 
of  coils  or  zig-zag  pipes,  arranged  with  one  or  more  zig-zag  passagea 
between  them,  formed  id  a  tank  or  vessel,  the  arrangement  being  such 
that  the  water  or  refrigerating  medium  enters  the  coils  or  zig-zag  pipes 
at  the  bottom,  the  vapour  being  drawn  off  by  a  pump  at  the  top,  whilst 
the  fluid  to  be  cooled  enters  the  lank  or  vessel  at  the  top  of  the  tank^ 
and  after  travelling  along  the  whole  length  of  each  coil  or  zig-zag,  il' 
drawn  off  at  the  bottom. 

The  coils  of  pipe  in  a  submerged  condenser  usually  consist  of 
I  J^-inch  to  2-inch  pipe  in  one  or  more  sections,  preferably  a  number 
connected  by  manifold  inlets  and  outlets,  so  that  one  or  more  of  the 
sections  may  be  shut  off  for  repairs,  etc.  In  some  constructions  the 
pipe  at  the  vapour  inlet  end  is  of  larger  dimensions,  and  arranged  to 
taper  down  to  the  outlet  end,  the  agent  being  there  partially  liquefieij,, 
and  occupying  less  space. 

The  amount  of  condenser  surface  to  be  employed  is  best  deter- 
mined by  practice.  According  to  Professor  Siebel  it  has  been  found 
that  for  average  conditions  (incoming  condenser  water  70°  and  out- 
going condenser  water  80'^,  more  or  less)  for  each  ton  of  refrigeraiing', 
capacity  (or  for  J^-ton  ice-making  capacit>-},  it  will  take  4» 
square  feet  of  condenser  surface,  which  corresponds  to  64  running 
feel  of  2-inch  ppe,  or  to  90  running  feet  of  i^-inch  pipt 
Frequently  20  square  feet  of  condenser  surface,  and  even  less,  ast 
allowed  per  ton  of  refrigeration  (double  that  for  actual  ice-makii^' 
capacity),  but  this  necessitates  higher  condense  pressure,  etc.,  and  il 
deemed  poor  economy  by  many  engineers. 

The  Triumph  Ice  Machine  Company  give  for  their  ammonia  cot- 
densers  about  uo  feet  of  i  •-4 -inch  pipe,  or  70  feet  of  2-inch  pipe 
ton. .  They  also  recommend  at  least  20  inches  clearance  space  betw 
the  coils  to  admit  of  easy  access  to  all  parts;  that  the  condenser  should 
never  exceeil  20  feet  in  length;  and  that  it  should  never  be  aboVB 
16  pipes  high. 

According  to  Professor  Siebel"  again  the  number  of  square  feet  ( 
cooling  surface  F,  required  in  a  submerged  condenser,  may  be  aj 
proximately  calculated  after  the  formula — 

^  hk 

F  =  — 7T — TT  square  feet, 

•  •'  Campcud  or  Mechaiiiral  Refrigeralioa."  H.  S.  Rich  &  Co.,  Chicago,  1899. 


SUBMERGED  CONDENSERS.  141 

in  which  //  is  the  heat  of  vaporisation  of  one  pound  of  ammonia  at  the 
temperature  of  the  condenser,  k  the  amount  of  ammonia  passing  the 
compressor  per  minute,  and  m  the  number  of  units  of  heat  transferred 
per  minute  per  square  foot  of  surface  of  iron  pipe,  having  saturated 
ammonia  vapour  inside,  and  water  outside,  i  represents  the  tempera- 
ture of  the  ammonia  in  the  coils,  and  /j  that  of  the  cooling  water 
outside  of  the  coils,  %,t,y  mean  temperature  of  the  inflowing  and  outflow- 
ing cooling  water.  Taking  the  figiu'es  already  given  as  a  guide,  the 
factor  m  is  equal  o'S,  so  that  the  formula  reads  : — 


F  = t: TT  square  feet. 


This  formula,  like  others  which  have  been  given  on  this  subject,  is, 
it  must  be  understood,  an  empirical  or  experimental  one. 

Referring  to  amount  of  cooling  water  required,  the  same  authority 
observes  that  the  heat  which  is  transferred  to  the  ammonia  whilst  pro- 
tiucing  the  refrigeration,  and  also  the  heat  equivalent  to  the  work  done 
upon  the  ammonia  by  the  compressor  (superheating  being  prevented), 
must  be  carried  away  by  the  cooling  water,  expressed  in  thermal  units ; 
and  speaking  theoretically,  the  sum  of  these  two  heat  eff'ects  is  equal 
to  the  heat  of  vaporisation  of  the  ammonia  at  the  temperature  of  the 
condenser.  On  the  basis  of  this  consideration,  the  amount  of  cooling 
^ater  a,  in  poimds  required  per  hour,  may  be  expressed  by  the  for- 
mula— 

h.  k  y.  60 
Ai  =  — —  pounds. 


or  in  gallons  after  division  by  8*33,  the  signs  having  the  same  signi- 
ficance as  in  the  foregoing  formulas,  with  the  exception  of  /,  which  re- 
presents the  actual  temperature  of  the  outgoing,  and  t^,  which  repre- 
sents the  actual  temperature  of  the  incoming  cooling  water.  Prac- 
tically the  amount  of  water  used  varies  all  the  way  from  three  to  seven 
gallons  per  minute  per  ton  ice-making  capacity  in  24  hours. 

The  following  table,  compiled  by  Mr.  Eugene  T.  Skinkle,  gives  the 
dimensions  of  submerged  condensers  of  some  plants  in  actual  operation 
in  the  United  States :— 


Atmosph: 

In  this  class  of  condenser  the  lines  of  pipes  or  tubes  through  whid 
the  agent  passes  are  so  located  as  to  be  exposed  to  more  or  less  cc«- 
stant  currents  of  air,  and  generally  in  addition  to  ihe  latter,  cooling 
water  is  caused  to  trickle  over  the  pipes.  The  vaporised  ag«it  should 
preferably  be  passed  in  this  arrangement  in  an  opjiosite  direction  to  the 
cooling  water.  That  is  to  say,  it  should  be  admitted  at  the  bottom  of 
the  condenser,  and  in  this  case  the  hquld,  as  fast  as  it  is  formed,  passes 
off  to  the  side  into  a  vertically-placed  manifold.  By  this  means  the 
warm  gas  entering  the  condenser  meets  the  warmer  watM',  and  the  gas 
as  it  ascends  in  the  comlenser,  constantly  meets  colder  water,  until  its 
temperature  is  nearly  reduced  to  that  of  the  water  when  it  first  comes  in 
I'ontact  with  the  condenser  pipes,  liquefaction  then  taking  place. 

Atmospherical  condensers  which  are  said  to  give  excellent  results 
are  also  formed  of  vertical  sections  of  pipe,  the  compressed  vapour 
being  delivered  to  each  section  at  the  top  from  a  common  manifold  or 
distributing  head,  and  discharging  the  liquid  at  the  bottom  into  anoth 
common  manifold  or  distributing  head,  which  latter  is  connected  » 
the  liquid  receiver. 

The  ordinar>-  form  of  atmospheric  condenser  is  of  very  simple  o 
struction,  and  consists  essentially  of  a  stack  of  tubes  placed  in  Mai 
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iiiih  retum  bends  and  heads,  and  some  water-distributing  arraDgement. 

I'ig.  78  is  a  diagram  showing  a  simple  plan  for  riisliibuting  the  water. 

which  is  self  explanatory.  It  will  be  noted  that  the  cooling  water 
should  pass  through  an  exactly  contrary  sequence  to  that  undergone 
h>y  the  compressed  vapour,  \\i.,  during  its  downward  course  it  should 
constantly  meet  wanner  gas  or  vapour,  and  consequently  be  gradually 
incrcaseJ  in  temperature  until  it  finally  leaves  the  condenser  by  the 
trough  shown  at  the  bottom.     By  means  of  this  gradual  extraction  of 

htat  the  difference  between  the  initial  and  final  temperature  of  the 

water  will  be  greater  than  could  be  obtained  were  the  gas  and  the 


\ 


water  to  flow  Jn  tlie  same  ilirection.     In  the  De  La  Vergne,  Eclipse, 

and  other  standard  American  condensers,  the  gas  enters  at  the  bottom, 

vhilft  the  cooling  water  is  applied  at  the  ti>p. 

In  Fig-  79  is  a  diagram  showing  a  common  arrangement  for  the  ilis- 

Iribulion  of  water,  K  indicating  the  water  trough  in  transverse  section, 
»nd  S  the  condenser  tubes  through  which  the  hot  gas  or  vapour  passes. 
This  arrangement,  it  will  be  seen,  results  in  the  water  spattering  to  such 
an  estent  that  partitions  have  to  be  provided  between  and  at  the  ends 
of  the  series  frf  vertical  coils.  Fig.  80  shows  diagrammatic  ally  a.  very 
simple  plan,  given  in  an  American  journal,  for  avoiding  this  objection- 
able spattering,  which  consists  of  a  strip  of  metal  or  fiin  t,  which  is 
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attached  to  the  underside  of  each  of  the  condenser  fripes  or  tubes  S,  and 
wluch  serves  to  guide  the  water  falling  from  tKe  trough  r  quietly  to  the 
top  of  the  pipe  i>r  tube  below  where  the  stream  divides,  one  half 
ing  down  and  round  one  side  of  the  lube,  and  the  other  half  down.  the. 
other  side  of  the  tube  as  shown. 

Fig.  81  shows  an  arrangement  adopted  by  some  American  and  Other 

makers  for  removing   the  liquefied   agent   from   the  condenser,   an* 

delivering  it  into  the  storage  tank,  as  soon  as  formed.     This  is  effected 

by  the  introduction  of  drip-pipes,  v,  connected  with  the  return  head* 

u  of  several  of  the  coils  of  pipe  or  tube 

s,   and  with  the  storage  tank  or   liquid 

recover  w,  so  as  to  draw  off  the  liquid  at 

different  levels.     In  this  manner  the  liquid 

farmed  near  the  top  of  the  condenser  at 

a  lower  temperature   is   pre^'ented   from. 

falling  to  the  warmer  lower  coils,  in  which 

a    re-absorption  of    a  certain  amount    of 

heat  would  take  place,  with  a  resultant 

loss  of  work. 

Fig.  8z  illustrates  an  open-air  evapora- 
tive surface  condenser,  built  by  Messrs. 
Haslam,  of  Derby,  wluch  is  arranged  to 
work  upon  the  principles  abo^'e  enun- 
ciated, by  which  the  greatest  possible 
amount  of  efficiency  is  secured.  The 
condenser  shown  is  built  in  a  nest  of  fi\'e 
sections,  thus  rendering  it  more  con- 
venient for  transport,  and  also  admitting 
of  easy  access  bring  had  to  all  parts  erf  the 
apparatus  for  repairs.  Each  section  ii 
provided  with  independent  valves  and 
cocks,  so  that  any  particular  section  maf 
be  shut  off  at  any  time  if  desired. 

In  Fig.  8j  is  illustrated  an  atmospheric  or  open-air  condenser  made 
by  the  Triumph  Ice  Machine  Company,  Cincinnati.  This  condense! 
is  arranged  in  sections,  and  is  so  constructed  as  to  permit  of  the  read^ 
removal  of  any  pipe  or  fitting,  without  the  necessity  for  shutting  dowtt 
the  plant  or  losing  any  of  the  agent.  The  apparatus  has  doubli 
heavy,  wrought-iron  pipe  headers. 

The  atmospheric  condensers  designed   and   manufactured  by  ihei 
l-'red,  W.  Wolf  Co.,  of  Chicago,  ha-f  pipes  made  from  selected  skelp^ 
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F'E'  79' — Diiigiam  showing 
Objections  lo  Common  Plan 
of  Dibtributing  Water 
uiospheric  Coodensers. 
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*ilh  drop-forgeil  Uessenier  steel  flanges  screwed  on  to  same  whilst  hot, 
thus  admitting  of  its  shrinking  in  place  when  coo].  Galvanised  iron 
troughs,  6tted  with  a  patent  levelling  device,  are  provided  tor  distri- 
buting the  cooling  water,  and  perforated  steel  strips  are  sectircl 
between  the  pipes.  An  inlet  and  an  outlet  valve  are  fitted  to  each  sec- 
tion. si>  that  any  one  of  them  can  be  emptied  without  interfering  with 
the  operation  of  the  others. 

In  Fig.  84  is  illustratetl  an  atmospheric  or  open-air  evapwalive  sur- 
face condenser,  buJIt  on  Rau's  system,  with  «ther  copper  or  iron  pipes. 


Miriliod  of  AvoiiliDe  Spallering  in 
IJuliibiiline  Water  in  Atmusphtrk 

*-  irndenser. 


Fig.  81. — AiranEcmenl  for  Re- 
moving Lifjuefied  Agent  from 
Almosplietic  Condenser. 


''}■  Quiri  and  Co.,  Schiltigheim,  Alsace.     The  construction  of  this  t 

'Ji'iiser  will  be  readily  understood  from  the  engraving. 

Evaporative  corvjensers  are  also  cooled  by  artificial  currents  of 
propelled  by  a  fan  or  blower,  in  which  case  a  very  powerful  evaporation 
is  established.  Whether  or  not  an  arrangement  of  this  description 
would  prove  to  be  an  economical  one,  depends  upon  the  temperature 
and  cost  of  the  cooling  water  procurable  relatively  to  the  cost  of  driving 
the  fan, 
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The  amount  of  condensing  surface  for  an  open-air  condenser  i^ 
:rirding  to  Professor  Siebel,  40  square  feet  per  ton  of  refrigeratin| 
capacity  (or  for  one-half  ton  ice-making  capacity),  which  amount  i) 
equivalent  to  64  niMing  feet  of  a-inch  pipe  or  to  90  running  feet 
1  J^-inch  pipe. 

The  amount  of  cooling  water  required  for  an  open-air  or  atmo» 
pheric  condenser  is  upward  of  50  per  cent  less  than  tliat  required  fol 
a  submerged  condenser,  and  if  made  of  sufficient  height,  the  saiW 
water  may  be  used  repeatedly  in  an  open-air  condenser. 

The  following  table,  compiled  by  Mr.  Eugene  T.  Skinkie,  gives  tM 
liimensions  hi  open-air  or  atmospheric  condensers  of  some  plan 
actual  operation  in  the  United  Slates : — 
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Suri'LEMENTARV    CONDENSERS  OR    FoRECOOLERS. 

An   arrangement  intended   to  create   a  saving  of  power  and  { 
cooling  water  is  a  supplementary  condenser  or  forecooler  consisting  4 
one  or  more  coils  of  pipe  through  which  the  hot  compressed  ( 
caused  to  pass  before  entering  the   main   condenser.     This  si 
mentary  condenser  is  cooled  by  the  overflow  water  from  the  t 
condenser.     When  the  supplementary  condenser  consists  of  one  c 
only  it  should  be  equal  in  size  to  the  discharge  pipe  from  the  C 
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|ir«sor.  Shtmlcl  a  series  or  iiumbtrr  of  coils  be  proviJe<l,  however, 
he  manifold  pipe  and  the  aggregate  area  of  the  small  pipe  openings 
huuld  be  equal  to  that  of  the  discharge  pipe. 

The  Westerlin  and  Campbell  Double-Pipe  Condenser. 

This  condenser,  which  is  shown  in  side  and  enil  elevation  in  Figs. 

^  and  86,  consists  of  a  coil  made  up  with  one  pipe  inside  another, 

Ihe  water  being  on  the  inside  of   the  internal    pipe,   and   the   hot 

ounpressed  gas  in  the  annular  space  or  clearance  between  the  pipes. 


^ 

Fig.  8j. — Haslam  Aimoipheric  or  Opcn-aii  Evaporai»t  buiface  Comieosct. 


This  tj-pe  of  condenser  is  an  attempt  to  secure  the  best  features  of  both 
ihe  submerged  and  atmospheric  types  in  one  apparatus,  and  is  specially 
luitjible  wherever  the  water  is  lo  be  used  over  again  for  some  other 
purpose,  and  where  ihe  open-air  type  cannot  be  used  by  reason  of 
structural  difficulties.  The  hot  gas  is  arranged  to  travel  in  a  downward 
liirection,  and  the  cooling  water  in  an  upward  direction,  so  effecting 
an  interchange  of  temperature  that  results  in  the  wamier  water  meeting 
Ihe  current  of  the  warmest  gas.  The  condenser  is  constructed  in  a 
nest,  comprising  several  sections  or  stands,  so  that  any  one  section 
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can  always  be  cut  out  for  repairs,  without  having  for  that  reason  to 
shut  down  the  plant,  and  such  a  cross  connection  of  the  water  con- 
nections is  provided  that  the  water  current  can  be  reversed  when  it  is 
desired  to  wash  out  the  internal  pipe. 

An  objection  to  this  type  of  condenser  would  appear  to  be  the 
liability  of  the  deposit  of  scale  in  the  pipes  from  certain  classes  of 
water. 

Hendrick's  Condenser. 

This  type  of  condenser  differs  from  those  previously  described.  It 
consists  essentially  of  a  vertical  cast-iron  shell  containing  two  or  more 
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Fig.  83. — Triumph  Atmospheric  or  Open-air  Evaporative  Sur&ce  Condenser. 


spiral  coils  of  ij^-inch  pipe  of  extra  thick  gauge,  the  tail  ends  of 
which  project  through  the  heads  or  covers  of  the  shell  and  are  con- 
nected together  by  suitable  manifolds. 

The  hot  compressed  gas  is  delivered  into  the  upper  part  of  this  shell* 
and  the  condensing  water  is  circulated  through  the  spiral  coil  or  coils 
of  pipe  located  therein.  The  hot  compressed  gas  is  liquefied  by  reason 
of  pressure  and  by  coming  into  contact  with  the  coil  or  coils,  and 
the  liquid  will  collect  at  the  bottom  of  the  shell,  which  thus  forms 
also  a  storage  tank  or  receiver  for  the  anhydrous  liquid,  from  which  it 
can  be  discharged  into  the  evaporator  or  refrigerator.  The  shell  is 
with  a  level  and  gauge  to  indicate  the  amount  of  liquid  therein. 
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Water- Cooling  Apparatus. 

Id  large  towns  and  cities  where  the  water  from  the  water  com- 
panies' mains  has  to  be  used,  and  paid  heavily  for,  it  is  often  doubt- 
ful ecMiomy  to  attempt  to  reduce  the  temperature  of  the  condensed 
gas  below  a  certain  point,  say  60"  Fahr.  during  the  winter  months,  and 
70-  Fahr.  during  the  summer  months.  It  is  obvious  that  when  a 
high  price  has  to  be  paid  for  the  water  employed  for  cooliny  and  other 


Fig.  84.— R.iu's  AtmosphiTic  01  Open-air  Evsporalive  -Surliiec  Conilenscr. 

purposes,  every  effort  possible  should  be  made  to  utilise  it  to  the 
fullest  extent,  and,  with  this  end  in  view,  it  is  desirable  to  use  the 
Overflow  water  from  the  condenser  for  boiler-feeding  purposes,  or  to 
employ  some  means,  such  as  a  cooling  tower,  for  saving  that  which 
Hould  be  otherwise  run  to  waste  and  be  completely  lost. 

An  efficient  and  economical  arrangement  for  this  latter  purpose 
is  I'uplett's  improved  water-saving  and  cooling  apparatus,  which 
illustrated  in  Fig,  87.     It  is  claimed  by  the  inventor  that  the  use  rf 
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ttiis  contrivance  enables  the  condensing  water  in  be  usetl  over  and 
over  again  with  comparatively  little  loss,  the  waste  indeed  being  prac- 
*it;aJly  confined  to  the  quantity  taken  up  by  evaporation,  which  loss  is, 
*^f  course,  more  considerable  in  hot  weather,  and  the  consumption  of 
•  *  'ndensing  and  circulating  water  is  thus  minimised  as  much  as 
I  *■  "ssible.  It  is  slated  to  have  been  clearly  demonstrated  that  in 
'"'-"gular  working  for  a  considerable  period,  with  a  temperature  in  the 
*Un  of  93°  Fahr.,  the  entire  loss  experienced  did  not  exceed  3  per  cent. 
*^f  the  total  quantity  of  water  cireulalud.     The  cost  of  the  up-keep  of 


tti, 


le    apparatus,  moreover, 


ivial,  being 


Kallons  cooled,  and  the  power  requited 
"  rte  horse-power  indicated  for 


;  farthing  jjer  thousand 
r  orriinar}'  conditions  is 


*r»e  sanie  amount. 

The   scope  of  this   work 

*J«)es    not    arlrait    of    entering 

iniii  an  extended  dissertation 

V«pun     what     are    known     as 

T^ooling    towers,    consequently 

space  can  only  be  found  f-ir 

a    few    genera]    remarks    ami 

very     brirf     descriptions     of 

snnie     examples     of     wali^r- 

cooling    towers,    with    which 

^^Ihis   chapter  will  be  brougln 

^■■'to  a  conclusion. 

^^        First,     as     reganJs     th-.' 

genera]      efficiency      of     any 

apparatus  of  the  kind   under  p 

consideration,     this     will     be 

found    to    depend    upon    the 

following  three  principal  points,  viz. :— The  extent  of  the  water  sur- 
faces exposed.  The  quantity  of  air  that  is  brought  into  contact  with 
those  surfaces.  And.  thinlly.  upon  the  difference  of  pressure  which 
exists  on  the  vapours  at  the  water  surfaces,  and  in  the  surrounding 
atmosphere.  The  first  two  will  be  seen  to  relate  to  the  construction 
of  the  apparatus,  the  thini  to  the  general  or  normal  atmospheric  con- 
ditions. 

From  the  above  it  will  be  gathered  that  the  chief  features  to  be 
looked  for  in  a  water-cooling  apparatus  are  the  provision  of  the 
maximum  amount  of  cooling  surface,  the  most  evpn  distribution  of  the 
water  over  this  cooling  surface  possible,  and  an  effective  air 
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tion.  Cooling  towers  are  extensively  employed  in  the  United  States  ' 
connection  with  refrigerating  plants,  and  the  following  very  br'i*' 
descriptions  of  a  few  oE  the  best  known  will  give  an  idea  of  tb^ 
construct  ic 

The  Worthington  consists  of  a  steel  tower  enclosing  the  evapontirtf' 
surfaces,  which  latter  are  formed  of  hard  glazed  tiles,  supported  up*:^ 
T-heam  grating,  or  of  re -galvanised  tube  tihng. 

The  Klein  is  constructed  entirely  of  wood,  a  polygonal  vertic^ 
shaft  fonning  the  frame  for  a  checker  work  of  boards,  which  i 
arranged  in  horizontal  layers. 


ine^ 


The  Storker,  which  consists  essentially  of  a  strong  wooden  casinj 

the  interior   of  which    is  maJ-^ 
up    of    cross-pieces    of    boanl  ^ 
arranged  in  horizontal  layers  se?"^ 
at    right  angles  to  each    other^ 
and  having  between  their  inler-^ 
sections    upright    oblique    parti— ^ 
tions.     The  water  is  distributetM- 
by   a  system    of    funnel-shapeil 
troughs  at  the  top  of  the  struc- 
ture. 

The    Barnard    has    a    steel 
casing  within  which  are  hung  a  ' 
number    of    mats    made    of    a 
special  galvanised  wire  cloth. 

In  all  these  cooling  towers 
eJ:cept  the  Stocker  one  fan  only 
is  emplf^ed,  the  latter  has  two 
fans  mounted  upon  one  steel 
shaft  at  the  base  of  the  appara- 
tus, which  arrangement  is 
claimed  to  enable  a  more  equal 
distribution  of  the  air  to  be  effected,  and  a  saving  of  driving  power,  aa 
compared  with  the  amount  of  air  discharged. 

The  Zschocke  cooling  tower  is  also  said  to  afford  first-rate  results, 
and  to  be  most  economical  in  working.  This  apparatus  con^st5  essen- 
tially of  a  main  distributing  water-trough  located  above  the  cooler,  into 
which  the  water  to  be  dealt  with  is  delivered  direct,  or,  where  it  con- 
sists of  injection  water  carrying  a  considerable  amount  of  oil,  after 
passing  it  through  on  oil  filter.  In  the  walls  of  this  main  distributing 
trough,  and  near  its  bottom,  are  fitted  a  number  of  small  iron  pipes, 
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through  which  the  water  will  pass  into  a  series  of  smaller  distributing 

troughs,  the  walls  of  which  are  serrated  both  top  and  bottom,  so  as  to 

cause  the  water  to  be  distributed  in  drops  over  the  top  layer  of  the 

wooden  battens  composing  the  body  of  the  cooler.     These  battens  are 

evenly  spaced,  and  are  placed  at  a  slight  inclination,  so  that  each  drop 

of  water  will  be  caught  and  broken  on  the  rough  surface,  and  will 

spread  itself  out  into  a  thin  film,  which  will  flow  down  each  of  the 

battens,  and  again  form  itself  into  drops  on  the  lower  edge  of  it, 

owing  to  its  being  also  serrated,  and  will  fall  on  to  the  next  batten  in  the 

layer  below,  and  so  on,  until  the  bottom  or  lowermost  layer  is  reached. 

The  air  has  free  access  to  every  batten,  and,  consequently,  as  the  water 

parts  with  a  portion  of  its  heat  at  each,  it  will  fall  into  the  receiving 

tank  beneath  in  a  suitably  cooled  condition.     The  open  type  of  cooling 

tower  is  provided  at  the  sides  with  louvres,  which  serve  to  prevent  the 

water  from  being  blown  away  in  the  case  of  strong  winds,  whilst  at  the 

same  time  admitting  air  to  every  part. 

The  Triumph  Ice  Machine  Company's  water-cooling  tower  is  shown 
in  Fig.  88.  This  apparatus  works  on  the  principle  of  exposing  the 
water  to  be  cooled  in  a  thin  sheet  to  the  cooling  effect  of  the  atmos- 
phere, the  result  being  said  to  be  increased  in  the  above  tower  by  im- 
parting to  it  a  rotary  motion  against  the  air  current.  This  rotary 
motion  is  given  by  a  small  water-wheel  in  the  manner  plainly  shown 
in  the  illustration. 

A  cooling  device  made  by  the  Linde  Company  for  use  in  connection 
with  submerged  condensers  consists  of  the  following  arrangements : 
The  condenser  pipes  are  placed  in  an  iron  tank,  the  cooling  water 
being  kept  in  motion  by  a  stirrer.    At  the  top  of  the  tank  are  provided  a 
number  of  sheet-iron  cylinders,  so  arranged  that  they  are  immersed  in  the 
water  below  to  the  extent  of  about  one-third  of  their  diameter.     These 
cylinders  are  caused  to  rotate  slowly  upon  their  axes,  and  their  water- 
covered  surfaces  are  subjected  to  the  action  of  a  current  of  air  gene- 
rated by  a  fan,  the  consequent  evaporation   producing   the  cooling 
effect.     This  apparatus  is  identical  in  principle  to  the  Wetzel  pan 
for  concentrating  the  syrup  or  liquor  in  the  manufacture  of  sugar. 


CHAPTER   IX. 

THE    ABSORPTION    AND    BINARY    ABSORPTION 
PROCESS    OR    SYSTEM. 

The  Principle  of  Ihe  Alisorplioii  Ptoc ess.— Early  Machines.— Later  Pallemt  of 
Machines. — The  Binary  Absorjilion  Prwcss,  or  Machines  using  n  Compound  or 
Dual  Liquid. 

The  principle  involved  in  the  operation  of  machines  for  the  abstrac- 
tion of  heat  by  the  evaporation  of  a  separate  refrigerating  agent  of  a 
^■olatiie  nature  under  the  direct  action  of  heat,  ajid  without  the  use  of 
power,  which  agent  again  enters  into  solution  with  a  liquid,  is, 
as  has  been  previously  observed  of  the  liquefaction  process, 
more  a  chemical  or  physical  action  than  a  mechanical  one.  It  is 
founded  upon  the  fact  of  the  great  capacity  possessed  by  water  for 
absorbing  a  numl.ier  of  vapours  having  low  boiling  points,  and  of  their 
being  readily  separable  therefrom  again,  by  heating  the  combined 
liquid ;  hence  it  is  commonly  known  as  the  absorption  process. 

The  absorption  process  was  invented  by  Ferdinand  Carre  (brother 
to  Edmond  Carr^,  whose  sulphuric  acid  freezing  apparatus  has  been 
previously  mentioned)  about  the  year  1850.  This  system  involves  the 
continuous  distillation  of  ammontacal  liquor,  and  requires  the  use  of 
three  distinct  sets  of  appliances,  viz. : — 

First,  for  distilling,  condensing,  and  liquefying  the  ammonia. 
Second,  for  producing  cold,  by  means  of  a  refrigerator,  and  absorber, 
a  condenser,  a  concentrator,  and  a  rectifier.  Third,  pumps  for  forcing 
the  hquor  from  the  condenser  into  the  generator  for  redistillation. 
The  three  operations  are  each  distinct  from  the  other,  but  wheri  the 
apparatus  is  in  actual  work  they  must  be  continuous,  and  are  dependent 
upun  one  another,  forming  separate  stages  of  a  closed  cycle. 

An  advantage  of  the  absorption  process  is  that  the  bulk  of  the 
heat  required  for  performing  the  work  is  applied  direct  without  being 
transformed  into  mechanical  power.  The  first  machines,  however, 
constructed  upun  this  principle  were  very  imperfect  in  operation, 
by  reason  of  the  impossibility  of  securing  an  anhydrous  product  tA  dis- 
tillation, and  as  (he  ammonia  distilled  over  contained  as  much  as  2^ 
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per  cent,  of  water,   a  very  large  expenditure  of  heat  was   required 
'«  CTapdration,   and  the  working  of  the  apparatus,   moreover,   was 

rendered  intermittent.  This  was  owing  to  the  distillation,  which  is 
I  the  most  important  operation,  and  has  of  necessity  to  be  executed  in 
I  tapir]  manner,  being,  in  the  first  machines,  very  imperfectly  effecleit, 
ini]  the  liquor  resulting  therefrom  being  naturally  much  diluted  with 
titer  Another  serious  result  of  the  above  defect  was  the  accumula- 
lion  of  weak  liquor  in  ihe  refrigerator,  and  the  consequent  necessity  for 
constant  additions  of  ammonia. 

By  subsequent  improvements,  however,  made  by  Rees  Reete 
in  1867-70;  Mort  in  1870,  who  introcjiiced  an  improved  temperaUue 
exchanger  or  economiser ;  H.  V.  Stanley,  1875 ;  F.  Carr^  (the  original 
inventor),  in  1876;  W.  H.  Beck,  in  1886;  Mackay  and  Christiansen, 
Mrl  E.  H.  Tomkins,  in  1887;  and  later  still  in  the  same  year  by 
1^.  L  Pontifex,  the  distillate  has  been  rendered  nearly  anhydrous,  and 
abifirption  machines  have  been  bnnight  to  a  very  considerable 
i-'^ree  of  efficiency. 

In  f~ig.  89  is  illuslrateil  ]■'.  CaiTf-'s  cdnlinuous-acting  absorption 
naohine.  As  above  mentioned,  the  agent  employed  in  this  apparatus 
i*  ammonia.  In  the  drawing  a  indicates  the  generator,  a  is  the  lique- 
fier,  c  is  the  refrigerator,  D  is  the  absorber.  Aqua  ammonia  is  intro- 
Jiic&l  into  the  generator  a,  the  le%*el  of  the  liquid  being  indicated  by 
"  li'aiige  glass  which  is  shown  on  the  left-hand  side  of  the  said  genera- 
I'T.  and  which  is  practically  similar  lo  that  used  on  steam  boilers, 
SN'I  ihe  evaporaliim  is  effected  by  heat  from  the  furnace  shown  be- 
ni-ath.  The  gas  from  the  generator  a  is  conducted  by  a  suitable  pipe 
E  to  the  liquefier  b,  wherein  it  passes  through  a  congeries  or  series  of 
■<iils  or  zigzags  arranger!  in  a  bath  of  cold  water,  which  is  kept  con- 
-landy  renewed  from  ihe  reservoir  k.  By  the  time  the  ammonia  has 
"■acheiJ  a  vessel  situated  at  the  termination  of  the  colls  or  zigzags  in 
the  liquelier  it  is  in  a  liquid  condition,  and  under  a  pressure  of  about 
150  lbs.  per  square  inch,  which  pressure  is  constantly  maintained  in  the 
generator  a. 

In  the  liquid  state  the  ammonia  flows  through  the  pipe  g  to  the 
regulator  11,  by  which  it  is  admitted  to  the  distributor  i  through  a  pipe 
K,  which  latter  is  wound  spirally  round  the  pipe  or  tube  l,  which  is  of 
larger  bore,  and  through  which  the  vaporised  or  gasified  ammonia 
returns  from  the  refrigerator  c  after  having  performed  its  heat-absorb- 
ing duties  therein.  By  ibis  arrangement  (he  returning  vapour 
gas  is  made  to  do  siime  further  work  by  absorbing  or  taking  up  heat 
from  the  liquid  ammonia  on  its  way  to  the  refrigerator. 
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The  refrigerator  representeti  in  the  drawing  consists  of  a  set  oc 
series  of  six  or  other  suitable  number  of  spiral  or  ?.igzag  tubes  c',  c'. 


I 


which  return  upon  themsel\es  forming  in  equal  number  of  parttioH 
in  the  tank  wherein  they  are  unmerseii  whii.h  latter  is  lagged  wifl 
suitaljle  nuii-cundutting  material      Farh  ff  these  zigzags  receives 
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equal  supply  of  the  liquid  ammonia  from  the  distributor  i,  and  the 
space  in  the  Insulated  tank  surrounding  them  is  filled  with  some  uncon- 
gealable  liquid,  or  one  that  will  congeal  only  at  very  low  temperatures, 
such  as  alcohol,  or  a  solution  of  chloride  of  calcium  or  of  common 
salt,  which  is  usually  known  as  brine. 

The  ice-cans  or  cases  are  immersed  in  the  liquor  between  the  zig- 
zags, and  are  sustained  upon  a  carriage  capable  of  being  moved  by  the 
same  mechanism  that  works  the  pump  m,  by  which  the  re-saturated 
solution  of  ammonia  and  water  is  returned  to  the  generator. 

The  ammonia  gas  or  vapour  from  the  zigzags  in  the  refrigerator 
c  is  collected  in  the  cylindrical  vessel  n,  from  which  it  passes  up 
through  the  tube  l  to  the  absorber  d,  where  it  meets  the  water  that 
has  been  brought  from  the  bottom  of  the  generator  a,  and  which  par- 
tially fills  the  latter.  This  water  being  nearly  free  from  ammonia, 
it  having  been  exhausted  therefrom  by  evaporation  in  the  generator 
A,  greedily  absorbs  or  takes  up  the  ammonia  gas  or  vapour  injected  into 
it  from  the  tube  l. 

The  absorber  d  is  fitted  with  a  worm  d^  which  receives  cooling 
water  from  the  supply  tank  f,  and  the  water  from  the  generator  a, 
which  is  brought  by  the  pipe  o,  is  first  passed  through  the  coolers  p, 
p\  before  delivery  into  the  absorber  d,  and  is  thereby  cooled  so  as 
to  fit  it  to  absorb  the  ammonia  gas  or  vapour  in  the  absorber  d  more 
freely. 

The  transference  of  the  water  from  the  bottom  of  the  generator  a 
to  the  absorber  d  is  effected  by  the  pressure  in  the  former,  whenever 
the  stop -cock  or  valve  o*  in  the  pipe  o  is  opened.  The  pipe  o  is 
carried  in  a  double  coil  through  the  cooler  p,  which  consists  of  two 
concentric  cylinders,  and  in  a  single  coil  through  the  cooler  p\  dis- 
charging through  a  sieve,  strainer,  or  perforated  tray,  in  a  fine  shower 
into  the  absorber  d.  The  strong  ammoniacal  solution  from  the  ab- 
sorber D,  which  is  considerably  reduced  in  temperature,  is  passetl 
through  the  spaces  round  the  coils  of  pipe  o  in  the  cooler  p,  and 
whilst  reducing  the  temperature  of  the  hot  exhauste<l  solution  or  water 
from  the  bottom  of  the  generator  a  on  its  way  to  the  absorber  d,  is 
itself  raised  several  degrees  before  being  returned  to  the  generator, 
to  the  mutual  advantage  of  both.  The  coil  of  pipe  o,  in  the  second 
cooler  p^  is  water  cooled  from  the  supply  tank  f. 

The  saturated  solution  from  the  absorber  d  is  drawn  off  by  the 
force  pump  m  (which  is  driven  by  a  steam-engine  or  other  motor), 
through  the  pipe  R,  and  is  delivered  thereby  to  the  space  round  the 
coil  in  the  cooler  p,  passing  from  the  cooler,  through  the  pipe  t,  to 
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ihe  dome  un  the  upi>er  part  uf  the  generator  A,  where  it  falls  upon,  anc 
trickles  downwaid  through,  a  series  of  perforated  strainers  or  trays. 
whilst  the  ascending  ammuniacal  gas  or  vapour,  on  the  other  hand, 
takes  a  sinuous  upward  course,  alternately  passing  round  the  edge  oG 
one  of  the  trays,  and  through  a  central  hole  or  aperture  provided  In^ 
the  next,  and  so  on  to  the  gas  or  vapour  pipe  e  ;  any  aqueous  vapour, 
which  might  otherwise  be  carried  off  with  the  ammoniacal  gas  or  vapour,, 
being  thus  cwidensed  and  returned  to  the  generator. 

The  constant  pressure  maintained  in  the  generator  a  is,  as  already 
mentioned,  about  150  lbs.  per  square  inch,  and  to  pre\'ent  this  pressure- 
from  being  exceeded  a  safety  valve  is  provided  on  the  dwne  of  the 
generator  A.  And  gas  that  escapes  through  this  safety  valve  is  led 
through  a  suitable  pipe  to  a  small  water  tank,  where  it  is  absorbed. 

As  will  be  seen  from  the  above  description,  the  operation  is,. 
.shortly,  as  follows: — 

The  aqua  amm<mia  is  first  introduced  into  the  generator  A,  the  gai 
or  vapour  expelled  therefrom  by  heat  into  the  condenser  b;  and  so. 
that  the  process  may  he  carried  out  continuously  and  not  be  arrested 
by  the  exhaustion  of  the  solution,  the  exhausted  or  impoverisheil  liquor 
is  slowly  drawn  off  at  the  bottom  of  the  generator,  an  equal  volume  of 
fresh  strong  solution  being  constantly  inserted  at  the  top  thereof.  The 
united  effects  of  the  cooling  and  pressure  produce  liquefaction  of  the 
ammoniacal  gas  or  vapour  in  the  condenser,  and  the  liquid  ammonia 
passes  to  the  refrigerator.  It  will  be  seen  that  the  ammoniacal 
gas  or  vapour  from  the  tubes  of  the  refrigerator  is  re-absorbed,  and  It 
rich  s()lution  is  formerl  to  feed  the  generator,  the  absorliing  water  used' 
being  that  withdrawn  exhausted  from  the  latter.  Thus  the  generator  and 
the  condenser  will  keep  up  a  continuous  supply  of  the  liquid,  and  the 
refrigerator  will  continue  to  freeze  successive  charges  of  water  in  the 
ice-cans  or  cases,  provided,  however,  that  the  requisite  heat  to  vaporise 
or  ga^fy  the  ammonia  is  supplied  to  the  generator.  If,  therefore, 
the  entire  apparatus  be  perfectly  fluid-tight,  as  it  is  theoretically  sup- 
posed to  be,  no  escape  could  take  place  by  leakage  or  otherwise, 
and  the  same  materials  would  go  on  indefinitely  producing  the  same 
uniform  effect. 

In  starting  a  machine  constructed  on  the  absorption  principle  it 
must  be  first  blown  through  to  expel  all  the  air.  In  Carre's  tqiparatus 
the  air  escaping  from  the  absorber  is  conducted  by  a  suitable  pipe  into- 
what  is  known  as  a  purger,  where  it  is  passed  below  the  surface  of 
water  to  absorb  or  retain  any  ammonia  that  would  otherwise  escape 
with  ihe  air. 
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A  large  amount  of  water  is  requireil  for  cooling  purposes  in  ihe  oon- 
'Itfnser  or  liquefier,  and  absorber,  an<l  a  cunsiderable  consumplicin  lA 
fuel  is  also  necessan-  to  heat  the  generator,  when  this  is  performed 
'Jifeclly  by  means  erf  a  furnace,  as  abwe  described;  when,  how- 
ever, this  is  effected  by  steam-heated  pipes,  as  in  StajJe/s  1875 
latent,  or,  as  will  be  desrribed  later  on,  by  coils  of  pipe  heated  by  the 
eihiust  steam  from  an  engine,  or  even  by  direct  or  live  steam  from 
a  boiler,  there  is  a  considerable  saving  on  this  head.  Steam  or  other 
motive  power  is  likewise  required  for  driiing  the  force  pump. 

It  is  claimed  by  Mr.  Carrt  that  for  each  pound  of  coal  consumed 
as  fuel,  from  8  to  12  lbs.  of  ice  can  be  produced,  in  accordanfe  with 
Ibe  sire  of  the  apparatus.  For  working  the  larger  form  of  machine, 
capable  of  making  500  lbs.  of  ice  per  hour,  two  men  are  requireil ;  the 
'"tee  pump  is  capable  of  forcing  220  gallons  of  liquid  per  hour  into  the 
generator,  and  during  the  same  time  100  lbs.  of  pure  ammonia  is 
lilieraled  from  solution,  liquefied,  evaporated,  and  re-dissolved  or  re- 
:ii'»ibed. 

Rees  Recce's  rhief  improvement  is  founded  on  the  fact  that  two 
vapours  having  different  boiling  points,  when  united,  can  be  recovered 
I"  fractional  condensation,  and  by  means  of  his  apparatus  a  prac- 
'""ally  anhydrous  distillate  can  be  obtained. 

The  special  feature  in  the  invention  describetl  in  his  1867  patent 
^  the  method  of  obtaining  nearly  anhydrous  liquid  ammonia  by  means 
I'jf  an  analyser,  a  rectifier,  and  a  condenser,  the  peculiar  construction 
*"*!  arrangement  of  which  enables  a  condnuous  distillation  and  rectifi- 
cation of  a  dilute  solution  of  ammonia  to  be  effected  upon  the  sepa- 
rative principle.  The  ammoniacal  gas  is  reduced  by  it.'i  own  pressure 
lo  a  liquid  condition  in  the  condenser,  from  which  it  passes  into  the  re- 
friferator  at  a  very  low  temperature,  quickly  abstracting  the  heat  from 
any  fluid  passed  through  the  latter. 

A  boiler  is  connected  with  an  analyser  consisting  of  a  series  of 
plates  arranged  in  the  usual  manner  within  a  strong  iron  vessel.  The 
analyser  is  connected  with  a  rectifier,  which  is  provided  with  a  series 
of  vertically  arranged  liibes  surrounded  by  cold  water,  through  which 
tubes  the  ammoniacal  fluid  passes  to  the  condenser;  or  in  an  alter- 
native arrangement  the  rectifier  is  provided  with  a  series  of  vessels 
[rfaced  one  above  the  other  with  a  space  between  (hem,  the  vessels 
b^g  so  connected  that  a  passage  is  formed  from  end  to  end  thereof 
for  a  continuous  stream  of  cold  water.  The  condenser  is  either  fitted 
with  tubes  and  is  practically  similar  in  construction  to  the  first  arrange- 
ment of  rectifier  above  mentioned,  or  it  consists  simply  of  a  cylindrical 
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or  other  suitalily  shaped  irun  vessel,  of  sufficient  strength  to  resis 
intenta)  jiressure  uf  the  ga-s  and  immersed  in  cnld  water.  From  ibt 
rondenser  the  condensed  ammonia  passes  to  a  refrigerator,  which  nif 
be  of  any  conrenient  form  and  construction.  The  liquid  cooled  ii 
the  refrigerator  parts  with  the  greater  portion  of  its  heat  to  tht 
condensed  ammonia,  which  is  again  vaporised,  and  in  this  fonn  p 
into  an  absorbing  vessel  which  is  kept  cool  hy  water,  and  which  term 
to  maintain  the  required  vacuum  in  the  refrigerator.  The  amraonijcsl 
solution  passes  from  the  absorber  into  a  heating  vessel,  from  which  il 
is  returned  into  the  analyser.  The  latter  may,  however,  on  occascm. 
be  dispensed  with,  and  the  boiler  connected  directly  with  the  nect 
fier. 

fn  his  1870  invention  further  improvemwits  are  introduced,  anil  the 
entire  af^aratus  comprises  a  generator,  an  analyser,  a  rectifier, 
liquefactor,  a  receiver,  a  refrigerator,  an  absorber,  and  a  heater,  an 
engine  placed  between  the  refrigerator  and  the  absorber  being  s 
times,  moreover,  employed. 

The  first  five  of  these  vessels  form  what  may  be  called  the  distilleij 
part  of  the  apparatus,  and  the  main  object  of  these  improvements  ij 
likewise  to  ensure  the  more  perfect  elimination  of  Lqtrid  ammonia  10 
an  anhydrous  condition,  or  practically  so,  from  its  aqueous  solution,  and 
in  one  continuous  imititerrupted  operation. 

The  analyser  consists  of  a  vessel  fitted  with  a  series  of  perforalal 
cups  or  dishes,  a  dividing  plate,  an  overflow  pipe,  and  a  dead  plate  01 
baffle  to  prevent  the  direct  passage  of  the  steam  through  the  cylinder. 
The  absorber  comprises  a  series  of  pipes  arranged  together  witbio  1 
tank  or  cistern. 

The  ammoniacal  gas  eliminated  from  its  solution  in  water  by  the 
action  of  the  generator,  analyser,  and  rectifier,  passes  onwards  to  the 
liquefactor  or  liquefier,  wherein  by  its  own  pressure  it  is  reduced  t 
a  liquid,  and  is  collected  in  the  receiver;  the  liquid  ammonia  so  ob- 
tained being  practically  anhydrous.  This  anhydrous  ammonia  is  then 
passed  into  the  refrigerator,  in  which  is  placed  a  coil  of  pipe,  any 
liquid  passing  through  which  will  be  cooled  by  the  evaporation  rf 
the  liquid  ammonia  surrounding  it. 

The  refrigerator  is  connected  through  a  stop<:ock  or  valve  t 
another  coil  contained  or  encloseil  in  an  iron  pipe,  which  coil  extend*- 
to  the  absorber  vessel,  the  latter  being  connected  to  the  coil  of  piping 
contained  in  the  refrigerator.  The  object  of  this  second  vessel  and* 
coil  is  to  effect  an  interchange  of  temperature  with  the  gas. 

During  its  further  onward  passage  to  the  absorber  the  ammoniacs 
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•ff&  iximes  in  cuntai^t  with  the  spent  or  exhaust  liqiinr  of  the  distilling 
apparatus  in  which  it  dissolves,  yielding  hack  the  original  quantity 
"f  the  aiumimia  solution,  lo  be  used  over  again  repeatedly  withoul 
anj  appreciahle  loss  or  waste.  This  solution  of  ammonia  is  forced  hy 
apump  into  the  lop  of  the  analyser,  wherein  the  ammonia  is  separated 
from  the  waier,  and  passes  to  the  condenser  lo  be  liquefied,  whilst,  im 
tie  other  hand,  the  exhaustcci  Hqufir  goes  to  the  generaiiir.  and  (nmi 
thenfe  into  the  tempt- raiure  exchanger  or  heater,  and  on  to  the  absorber. 
The  tension  or  elastic  force  possesseil  by  the  gas  as  it  passes  from 
the  refrigerator  to  the  absorber,  especially  when  employed  for  cooling 
waier,  arlmits  of  its  being  utilised  for  driving  the  pumps  of  the  appa- 
ralus,  or  for  other  purposes. 

The  nperation  of  Reece'a  improved  apparatus  is  briefly  as  fol- 
lows:— 

The  charge  of  liquid  ammonia  (the  ordinary  commercial  quality  of 
a  density  of  26°  Beauni^)  is  vaporised  by  the  application  of  heat,  and 
the  niised  vapour  of  water  and  ammonia  passed  to  the  vessels  called 
'lie  analj-ser  and  the  rectifier,  wherein  the  bulk  of  the  water  is  con- 
'ieiiseJ  at  a  comparatively  elevated  temperature,  and  is  relumed  to  the 
generaior.  The  ammoniacal  vapour  or  gas  is  then  passeil  to  the  con- 
''enser,  where  it  i.s  treated  in  a  substantially  similar  manner  lo  that  in 
^''■\ni\  apparatus,  that  is  to  say,  it  is  caused  to  liquefy  under  the 
'  "mbined  action  of  the  condensation  effected  by  the  cooling  water  clr- 
•^hting  round  the  condenser  tubes,  and  of  the  pressure  mainlaincrl 
I"  the  generator.  The  liquid  ammonia  (in  this  case  practically  anhy- 
'frvius)  is  then  used  in  the  refrigerator,  and  the  vapour  therefrom,  whilst 
'"'11  Under  considerable  tension,  is  admitted  from  the  refrigerator  to 
*'^linder  fitted  with  a  slide  valve,  and  entry  and  exhaust  ports,  prac- 
'i':ally  similar  to  those  of  a  high  pressure  steam-engine,  and  is  thus 
"'ilised  to  drive  the  force  pump  for  returning  the  strong  solution  to 
'fie  generator,  after  which  it  is  passed  into  the  absorber,  where  it  meets, 
W(l  is  taken  up  hy,  the  weak  liquor  from  the  generator,  and  the 
strong  liquor  so  formed  is  forced  back  into  the  generator  hy  means  of  a 
forre  pump  as  before  described. 

The  temperature  exchanger  or  economiser  introduced  by  Mort  in 
1870,  provides  for  ihe  hot  liquor  011  its  way  from  the  generator  to  the 
absorber  giving  up  its  heat  lo  the  cooler  liquid  from  the  absorber  on  its 
way  to  ihe  generator,  thereby  saving  the  abstraction  of  so  much  heat 
from  the  generator,  and  admitting  of  the  liquid  in  the  absorber  being 
kepi  at  a  lower  temperature,  which  is  of  great  inip(jrtam-e  to  the 
economical  working  of  the  apparatus. 
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The  invention  which  Harry  Frank  Stanley  patented  in  1875  com 
prises  several  important  improvements  upon  the  foregoing,  the  chief 
uf  which  are  as  follows ; — 

In  place  of  applying  fire  heat  to  the  generator,  as  had  been  hitherto" 
customary,  a  coil  of  steam  pipes  is  employed  for  evaporating  the  am— 
moniacal  vapour.  The  advantages  derived  from  this  are  that  thes 
pressure  and  temperature  in  the  generator  can  be  much  more  easily 
regulated,  and,  moreover,  the  ammonia  separates  from  the  water  better- 
at  a  low  heatj  and  an  even  temperature  is  found  to  be  most  essential 
to  the  efficient  working  of  Ihe  apparatus.  The  steam-heated  evaporat-, 
ing  pipes  consist  of  a  number  of  straight  pipes  connecte>l  together  by' 
bends,  giving  a  very  large  heating  surface,  and  when  the  e^haust  steata* 
from  the  engine  is  employeii  therein  for  heating  purposes,  a  very  great, 
saving  of  fuel  is  effected. 

The  analyser  is  placed  upon  the  generatf<r  so  as  to  economise  space 
and  save  the  connections  othenvise  necessarj-.  This  analyser  is 
formed  preferably  cylindrical,  and  is  fitted  with  a  series  of  dishes  or 
trays  having  passages  so  arranged  that  the  vapour  impinges  on  thai 
undersides  thereof,  and  traverses  the  vessel  without  passing  through' 
the  liquid.  Each  of  the  dishes  or  trays  is  provided  with  an  overflow 
pipe  which  is  raised  above  the  level  of  the  boUom  thereof,  so  as  t<> 
keep  some  liquid  in  the  dish  or  plate,  but  always  below  the  top  of 
the  vapour  outlet.  A.S  the  ammonia  vapour  is  driven  off  from  thtf 
solution  of  ammonia  and  water,  by  the  heat  of  the  vapour  rising  from 
the  tray  below,  it  passes  through  the  vapour  outlets  into  the  rectifier! 
without  going  through  the  Hquor  on  the  tray  of  trays  above.  \ 

By  thi.s  me  ins  a  considerable  saving  of  fuel  is  eRe-ted,  as  the  ammoniaJ 
when  once  separated  from  the  water  on  each  tray  or  plate  is  at  oncM 
delivered  to  the  rectifier.  Otherwise,  were  this  not  so,  water  has  sucb 
a  strong  afBnit}  for  ammonia,  that  the  vapour  which  had  been  separated 
from  the  liquor  nn  one  plate  would  quickly  become  absorbed  agaid 
by  the  liquor  it  had  to  pass  through  on  the  ne\t  plate. 

The  rectifier  is  placed  on  the  condenser,  the  two  forming  in  fad 
one  vessel,  and  the  same  condensing  water  does  duty  for  both,  thi 
latter  passing  in  at  the  bottom  of  the  condenser  where  the  colde^ 
water  is  wanted,  and  up  the  outside  of  the  coil  into  the  rectifier,  fro^ 
which  it  passes  to  the  absorber.  The  ammoniacal  gas  or  vapour  passt 
from  the  analyser  into  the  top  of  the  coil  in  the  rectifier,  which  co 
is  fitted  at  intervals  with  pockets  to  carry  off  the  water  resulting  froi 
the  condensation  of  the  vapour  coming  from  the  analyser,  so  thi 
immediately  any  such  condensation  occurs  the  liquor  passes  at  oiwi 


om  of  ihe  coil,  and  the  ammoniacal  vapour  does  not  come  in  contact 
nth  the  water  after  bdng  Geparatei  from  it.  By  providing  these 
pocitetB  with  cocks  or  valves  suitable  adjustments  of  the  apparatus  can 
Iw  effected. 

The  ammonia  gaa  thus  passes  to  ihe  condenser  in  a  practicallv 
inhyiirous  condition,  which  is  absolutely  essential  to  the  economical 
working  of  the  apparatus,  and  which  would  not  otherwise  be  the  case, 
M  if  ibe  said  gas  comes  into  contact  with  the  water  resulting  from 
in  condensation  it  would  re-absorb  a  portion  of  it. 

The  condenser  coil  is  contained  in  a  cast  or  wrought-iron  cylinder, 
will  Id  simplify  the  apparatus  and  to  save  space,  the  condeiuer  is  placed 
"pon  the  receiver,  the  latter  being  a  plain  wrought  or  cast-iron  vessel 
wmng,  as  before,  to  store  the  anhydrous  ammonia  befure  it  goes  into 
ihe  cooler  or  refrigerator;  it  is  fitted  with  a  gla.ss  gauge,  or  a  float 
gauge  to  indicate  the  level  of  the  liquid  therein.  When  the  latter  is 
wnplnjed,  revolving  spindles  or  rods  working  vertically  through  stuffing 
linxes  in  the  usual  way  are  preferably  used,  as  tending  to  minimise 
ffiaion  and  prevent  leakage. 

The  refrigerator  or  cooler  is  substantially  similar  to  that  employerl 
in  ihe  former  arrangements,  but  is  fitted  with  a  self-closing  gauge  in 
taie  fii  breakage. 

The  absorber  is  constructed  of  smaller  pipes  or  tubes,  so  as  to 
enable  a  greater  number  to  be  used  than  heretofore,  and  thus  for  a 
I'ven  content  to  secure  a  very  much  larger  surface  eiiposed  to  the 
JWlion  of  the  cold  water  which  surrounds  the  tubes ;  the  latter  are 
preferably  constructed  of  wroitght-iron. 

Another  saving  of  condensing  water  is  effected  by  having  a  few 
™  Ihe  top  pipes  above  the  upper  extremity  of  the  water  cistern,  and 
letting  the  wajm  water  coming  from  the  rectifier  drip  over  the  out- 
ide  of  ihe  pipes.  The  heat  due  to  the  ammoniacal  gas  being 
•Ixorbed  by  the  weak  liquor,  which  is  given  off  from  the  inside,  is 
iifficienl  to  vaporise  a  portion  of  the  water,  and  a  large  quantity  of 
heal  becomes  latent  in  the  vapfiur,  producing  a  refrigerating  effect. 

The  pump  employed  for  drawing  the  strong  solution  of  ammonia 
pfKluced  in  the  absoiber,  and  forcing  it  through  the  coil  of  pipe  in 
thr  heater  into  the  analyser,  against  the  pressure,  is  so  constructed  that 
there  are  the  very  least  possible  clearances,  and  thai  the  whole,  or 
pnctically  the  whole  contents,  are  discharged  at  each  stroke,  thus 
preventing  expansion  of  gas  on  the  return  stroke,  tending  to  keep  the 
™rtion  valves  closed.  The  pump  rocks,  valves,  and  gauges, 
(Tuvide'l  wiih  water  conlainers,  so  thai  should  am  le:ikage  of  .immonia 
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throogh  the  stuffing  box  occur,  tbe  vater  will  absorb  it,  the  latter  bdng 
returned  into  the  apparatus  vhen  it  becomes  thoroughly  satuiatei 
The  stuffing  box  cock  is  constnicted  with  a  guard,  and  with  an  adjust- 
able clamp  scre«r.  which  holds  the  kev  to  its  seat,  preventing  leabige 
from  compressk/n  of  the  packing,  and  admitting  of  the  stuffing  box 
being  repacked  whilst  the  apparatus  is  at  work. 

To  allow  for  the  gradual  weakening  of  the  solution  of  ammoma, 
a  small  vessel  or  still  is  provided  in  connection  with  the  generator, 
wherein  the  weak  solution  from  the  latter  is  evaporated  off  at  a  low 
temperature  into  the  apparatus,  where  the  least  pressure  exists. 

In  the  invention  patented  by  William  Henry  Beck,  in  1886,  some 
still  further  improvements  in  varicms  details  of  construction  are  des* 
cribeil,  notably  in  the  arrangement  of  the  analyser  and  rectifier,  and 
the  absorber. 

In  the  first-mentioned  vessel  a  series  of  sheet  iron  or  steel  trays 
with  or  without  perforations,  the  edges  whereof  are  drifted  or  set 
up  so  as  to  form  short  adjutages,  are  provided.  Each  alternate  one 
of  these  trays  has  a  central  opening,  and  each  intermediate  tray  an 
annular  space  left  between  its  circumference  and  the  enclosing  case 
or  cjlinder.  An  inner  sheet  metal  casing  is,  moreover,  pro>'ided  in 
which  the  water-separating  trays  are  secured,  and  which,  together  with 
such  trays,  can  be  easily  removed  and  replaced  in  position;  and  the 
mouth  of  the  vapour  outlet  pipe  is  sometimes  surrounded  by  a  finely 
perforated  wire  gauze  chamber  or  guard. 

The  al>sorber  is  formed  with  a  primary  absorbing  vessel,  wherein 
the  absorption  of  the  ammonia  gas  is  effected  to  an  extent  dependent 
upon  the  t:rmperature  of  the  ordinary  cooling  or  condensing  water, 
combined  with  a  secondar\'  absorbing  vessel  wherein  a  further  absorp- 
tion of  the  ammonia  gas  is  effected  by  the  cooling  action  of  a  current 
of  cold  brine,  or  of  water,  cooled  to  a  temperature  below  that  of  the 
ordinary  cooling  or  condensing  water  used  in  the  primary  absorber. 

The  weak  liquor  cooler,  the  liquid  ammonia  receiver,  the  condenser, 
and  the  rectifier  are  contained  in  a  single  open-topped  tank  provided 
with  divisions  or  partitions  so  arranged  as  to  ensure  the  passage  of  the 
cooling  or  condensing  water  successively  through  each  of  the  com- 
partments. 

Frederick  Noel  Mackay  and  Adolph  Gothard  Christiansen  obtained 

a  patent  for  improvements  in  ammonia  absorption  machines  in  1887,  the 

main  features  of  which  that  are  claimed  as  novel  being  as  follows,  viz. : — 

The  separation  of  the  ammoniacal  gas  from  the  liquor  in  which  it 

is  absorbed,  by  boiling  the  liquor  in  stages  within  the  same  boiler. 
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An  anaJyser  ronsisting  of  a  chamber  cDntaining  superimposed 
spirally  corrugated  plates  having  perforations  or  openings. 

The  comhination  within  one  chamber  of  an  ammoniacal  liquor 
tioiler  and  analyser. 

A  rectifier  consisting  of  such  an  lurangement  of  a  coil  or  coils  that 
the  gas  will  take  an  upwan^  direction,  and  the  liquid  a  downward 

A  condenser  wherein  the  coils  are  so  connected  that  the  gaseous 
ammonia  passes  from  coil  lo  coil  in  an  upward  ilirection,  whilst  the 
liquid  ammonia  flows  in  a  downward  direction. 

A  multiple  coil  condenser  so  constructed  that  it  has  but  one  single 
thniugh  way. 

A  rectifier  aiid  condenser  consisting  of  chambers  containing  coils, 
all  the  joints  whereof  are  situateil  on  the  eiierior. 

An  auxiliary  cooler  composed  of  a  chamber  fitted  with  a  roil  and 
regulator,  and  suitable  connections. 

A  vaporiser  and  refrigerator  wherein  the  brine  flows  through  a 
'hamber,  whilst  the  liquid  ammonia  expands  through  small  perfora- 
'i')ns  or  apertures  into  tubes  contained  in  this  chamber. 

An  absorber  consttucted  with  a  concentric  corrugate-J  chamber. 
Amm'jnia  pumps  provided  with  a  chamber  through  which  ammonia 
L      l«lii(»r  from  the  alisorber  passes. 

I  An  arrangement  whereby  ammoniacai  liquor  from  the  absorber  is 

'ametj  to  cool  ammoniacai  liquor  from  the  boiler. 

In  Edward  Henry  Tompkins'  patent,  which  was  granted  in  the 
liter  part  of  1887,  for  improvements  in,  refrigeralii^  apparatus  of 
'iis  lond  or  class  for  which  previous  letters  patent  were  granted  to 
'^ws  Reece  and  William  Henry  Beck,  the  chJef  novel  points  claim&i 

The  placing  of  the  generator  within  the  boiler  so  a.s  to  secure  the 
•"II  efficiency  of  the  heat  given  off  by  the  steam  generated  therein. 

The  combination  and  connection  with  the  main  gas  pipe  from  the 

nWerator,  of  a  vessel  doing  the  triple  duty  of  heater,  rectifier,  anrl 

JnalysCT;  which  vessel  consists  of  an  iron  tank  with  an  arrangement  of 

'ubes,  and  a  sealed  joint  or  joints  at  the  base  through  which  the  gas 

rises. 

^         An  improved  form  of  condenser,  consisting  of  an  ordinary  con- 

I    denser  of  the   multi-tubular  pattern,    wherein    the  tubes   are   passed 

f    through  a  lube  plate  and  expanded  in  the  usual  manner,  but  having 

in  aijdition  hori/ontaJ  partition  plates  of  metal  at  the  aJtemate  ends 

"f  the  tubes,  whereby  the  ammonia  is  caiwed  to  travel  h.-ickwards  and 
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:-.nra;ii  u.mi  :3«t  isjtTaazi:  'a^tn  or  sets  of  tubes,  and  thereby  to 
T^rjssTT^  rit^  fm  heaesz  oc  tthe  ccAl  of  the  cooden^g  wat^-.  By  the 
rsHCTiI  'A  ±e  isaf  o:«j»snw  mfjFcr^Pcr^  each  laTer  or  set  of  tubes  is  ra- 
-^er^rf  r»atx.7  2i::::KsaaE>w&  f'r  c^esning  or  rcpaiiSu 

A  c'.ier  x  r>£si^:zacjr  con^nsmg  a  srstem  of  horizontal  tubes 
pcaris;!  Lr.  1.  liZT^  "ark  T5dsn  vfaich  latter  a  sohition  of  chloride  oC 
--^-iiini  5*  -izs*!ri  tio  arrxhtte  io  as  to  secure  an  equable  temperature 
-hr^xi^'.a:  '±e  «3fre  joog^  of  the  tank. 

An  ar.'^:<ti<£.  wiijeresa  prrmsoo  is  made  for  intimately  mixing  the 
imss^xzjL  pti  fr:Gi  the  reiri^erator  or  cooler,  with  ammonia  liquor, 
rrrJMtti.  fry-ij.  by  fa«f'Tig  it  tfarou^  a  snaall  cooler,  and  secondly  by 
Ijria^d^  r:  bi  "rjOLhrz  whh  a  series  of  tMAxs  through  which  water  is 
auw^  v^  cir-::i2re-  therebT  effectii^  a  conaderable  gain  in  the  working 

An  azzoDfCcxia  pump  provided  with  a  stuffing  box  wherein  is  in- 
5-?rtcd  a  iy>Ijow  steel  r^r  iroo  ring  of  suitable  dimensions,  to  which  ring 
is  competed  a  pipe  lea.'iii^  to  a  receiTer  having  a  glass  gauge  to  show 
the  he-.gbt  or  quantity  of  liquor  ammonia  which  has  escaped  past  the 
nr»t  s-eri-is  of  packii^.  and  is  contained  therein.  From  this  receiver 
a  pipe  ntted  with  suitable  stop-cocks  or  valves  leads  to  a  small  hand- 
force  pump  or  compresscT  of  the  ordinary  type,  so  that  by  opening  and 
closing  these  s:r»p-cijcks  the  escaped  liquor  can  be  withdrawn  into 
the  pump  or  compressor,  or  forced  back  into  the  generator,  as  may  be 
de<ire^l. 

The  pro\*i5ion  of  means  whereby  the  ammonia  liquor  from  the 
alisorber  is  passed  through  a  coil  contained  in  the  compound  vessel 
doing  triple  dut)-  as  heater,  rectifier,  and  analyser,  and  consequently 
enters  the  generator  at  a  high  temperature,  and  the  temperature  of  the 
ammr>nia  gas  on  its  way  to  the  condenser  is  likewise  reduced.  The 
condensation  from  this  ammonia  gas  which  occurs  in  the  rectifier  and 
analyser,  is  conveyed  back  to  the  generator  by  gravitation ;  the  above- 
mentioned  compound  or  triple  vessel  being  situated  above  the  level 
of  the  generator,  and  the  pressure  in  both  vessels  being  equal. 

A  small  cooler  wherein  the  weak  liquor  ammonia  coming  from  the 
generator  in  its  heated  condition,  is  reduced  to  a  state  of  comparative 
coolness,  by  contact  with  tubes  cooled  by  a  circulation  of  cold  water, 
to  which  water  may  be  added,  if  required,  waste  ice  to  increase  its 
cooling  capacity.  The  advantage  claimed  for  thus  reducing  the  tem- 
perature of  the  weak  ammonia  solution,  is  that  its  power  of  absorbing 
the  ammonia  gas  from  the  cooler  or  refrigerator  is  thereby  greatly 
inrreascd. 
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^  The  patent  granierl  to  Kdnuiml  Lionel  Pontifex  in  1887,  siiljse- 
r  quentl)-  to  both  those  just  mentioned,  for  improvements  in  cooling  and 
r  refrigerating  machines  of  the  class  describeil  in  the  spei-ifi cation  of 
(onner  letters  patent,  granted  to  H.  F.  Stanley,  in  1875.  lays  claim 
lo  the  following . — 
I  The  method  of  mounting  the  condenser  coils  upon  hraclcets  pro- 
[  joting  inwards  from  the  side  of  the  cistern,  an.l  retaining  them  in 
I  position  by  means  of  uprighU  extending  vertically  from  these  brackets; 
some  of  which  uprights  are  extended  above  the  tops  of  the  condenser 
roils  for  the  purpose  of  supporting  the  rectifier  coil,  and  also  for 
anjing  a  \'ertically  arranged  cylinder  occupying  a  space  in  the  centre 
of  the  rectifier  coil,  and  extending  to  above  the  level  of  the  overflow 
from  the  cistern.  The  object  of  this  cylinder  is  lo  ensure  that  the 
iifwling  water,  thai  rises  up  through  the  cistern,  shoulil  flow  only 
through  the  annular  space  or  clearance  situated  between  the  exterior 
surface  of  the  cylinder  antl  the  inner  surface  of  the  clstem,  and 
thus  cause  it  to  act  in  a  more  efficient  manner  to  cool  the  rectifier  coil 
•high  is  contained  in  this  space  or  clearance. 

An  arrangement  for  ensuring  an  unifonn  action  taking  place  in  all 
the  concentric  coils  of  the  condenser,  and  causing  the  liquid  coming 
"wrefrom  to  be  of  the  same  temperature,  consisting  in  spacing  the 
outer  coils  ver^cally  further  apart  than  the  inner  coils,  so  that  the 
"itreased  diameter  of  the  outer  coils  is  compensated  for  by  the  greater 
nuniNer  of  the  inner  coils. 

To  provide  for  the  more  perfect  regulation  of  the  admission  of  the 
anhydrous  ammonia  liquid  to  the  ctjoler,  which  requires  very  fine  or 
liuiile  adjustment,  a  stop-cock  is  provided  with  a  plug  through  which, 
I"  idflilion  to  the  way  or  passage  which  is  usually  formed  therein, 
'oere  are,  at  the  sides  of  this  way  or  passage,  other  narrow  passages 
"fiwh,  when  the  slop-cock  is  partially  turned  on,  allow  of  a  small 
■  -I'l  easily  regulated  quantity  of  liquid  or  fluid  being  permitted  to  pass ; 
^liiist,  on  the  other  hand,  it  likewise  admits  of  a  large  volume  of  the 
'|iiiil  being  alloweil  to  pass  quickly,  whenever  the  cock  is  turned 
■■i!l  open,  as  is  sometimes  necessary  for  the  purpose  of  clearing  the 
lull  passages  by  blowing  out  any  obstructions  which  may  lodge 
'lierdn  and  tend  lo  choke  them. 

The  insurance  of  a  more  effective  absorption  of  the  gas,  by  so 
iTanging  the  absorber  that  the  weak  ammonia  liquor  or  solution 
made  to  fall  in  the  form  of  a  shower  on  to  the  surface  of  a  tray, 
J  Kirh  latter  is  provided  with  small  holes  or  perfriralions  arranged ' 
i-iiiric    circles.       Through    these    holes    the    weak    ammonia  liquor 
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per^.rjtat:»  ^x  "iiopi  •inva  oo  to  the  tops  of  the  coils  of  cooling  pipes, 
orarkSn^  ^jm\j  from  ood  to  coil  iBitil  it  reaches  the  bottom  of  the 
^a&Tii^ji^,  frr^B.  wfiBch  Isrter  it  is  socked  bj  the  ammonia  pump  throt^ 
2.  pipe  irreti  st  its  inlet  end  or  extremitr  with  a  perforated  strainer 
"t  grxari.  ia  order  Xf*  prevent  the  ammonia  pump  suction  pipe  from 
P-*romin«r  acodencally  cinoked  or  stopped  up  by  any  foreign  bodies. 

In  orfer  zo  enable  the  interior  of  any  of  the  coils  of  pipe  in  the 
absijcfcer  h&ag  readily  cleared  of  any  deposit,  suitable  means  are 
prorideii  f»jr  a»fm"tnng  of  a  pomp  cylinder  being  easily  attached  to  the 
ofidet  oc  each  *'ji  die  coils.  This  c^inder  is  fitted  with  a  piston 
whfich.  by  means  oc  a  pistoo-rod  extending  therefrom,  can  be  jerked 
or  moved  soltienh  and  rioientiy  to  and  to,  whilst  the  cooling  water 
Ls  fiowins  throczh  the  coiL  The  shock  thus  caused  liberates  anv  scale 
that  may  have  become  deposited  inside  the  coil,  and  this  scale  is 
carried  off  by  the  flow  of  the  coodensing  or  cooling  water. 

An  imprc'vei  method  of  formii^  gas-t^t  joints,  for  use  wherever 
the  end  of  a  coil  or  of  a  pipe  is  to  be  secured  to  the  sides  or  ends  of 
any  of  the  vessels  c»r  chambers,  is  moreover  set  forth  and  claimed. 
A  nut  IS  screwed  r.n  to  the  pipe  on  either  side  of  the  plate,  and  on 
one  or  YffAh  sides  ^»f  the  plate  a  cbcular  recess  is  formed  around 
the  pipe.  Into  this  recess,  and  aroimd  the  pipe;  is  inserted  a 
packing  ring  or  insertion  of  india-rubber  or  of  any  other  suitable  mate- 
rial, which  ring  is  circular  in  transverse  section.  The  nut  screwing  on 
the  pipe  is  likewise  shaped  circular  at  one  end  so  as  to  enable  it  to 
enter  and  fit  into  the  recess,  or  in  some  instances  a  washer,  so 
formed,  or  disheii  or  hollowed  out,  that  when  forced  against  the 
packing  ring  it  \iill  cause  it  to  press  inwardly  against  the  pipe,  is 
interposed  between  the  nut  and  the  plate.  In  this  manner  a  perfectly 
gas-tight  joint,  capable  of  withstanding  considerable  pressure,  is  formed, 
the  india-rubber  or  other  packing  ring  or  insertion  being  firmly  held  in 
position  so  that  it  cannot  escape  from  the  pressure  that  is  put  upon  it. 

The  Pontifex  ammonia  absorption  machine  has  been  further  im- 
proved by  Wood,  and  the  Pontifex-Wood  apparatus,  as  at  present 
constructed,  is  probably  as  near  to  perfection  as  can  be  attained  in 
machines  of  this  class. 

Fig.  90  is  a  perspective  view,  showing  the  devaticm  ajid  general 
arrangement  of  a  machine  of  the  Pontifex  and  Wood  type,  which  com- 
prises a  generator,  a  separator,  a  condenser,  a  refrigerator,  an  absorber, 
and  an  economiser,  all  of  which  are  fitted  with  the  latest  improvements. 

Referring  to  the  illustration  a  is  the  generator,  b  is  the  separator,  c 
is  the  condenser,  d  is  the  refrigerator,  E  is  the  absorber,  and  G  is  the 
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1  pumps,  the  i:nnstruc(i(.>n  nf  which  will 
lie  miMie  clearly  understood  from  ihe  enlarged  views,  Figs.  91  and  92. 

The  generator  a  consists  of  a  horizontal  cast-iron  cylindrical 
\-essd,  cnnlaining  a  coil  of  steam-pipe  adapted  to  be  heated  by  direct 
Of  live  steam  from  the  ordinary  steam  boilers,  and  into  which  the 
charge  of  commercial  ammonia  is  inserted. 

The  separator  b,  which  is  connected  lo  the  top  of  the  generator  by 
'  flanges,  and  arranged  vertically,  and  at  right  angles  to  ihe 


'iMlff,  is  BO  construct ei!  that  any  aqueous  vapour  that  rises  with  the 
vaporised  or  gasifie<i  ammonia  from  the  generator,  will  be  arrested  or 
tnpperi  by  a  suitable  arrangement  of  baffles  or  chei:ks,  and  is  reiumei 
into  the  generator;  the  practJcaJly  anhydrous  ammonia  passing 
through  a  pipe  from  the  top  of  the  separator  to  the  condenser  d. 

In  the  condenser  d,  which  consists  of  a  number  of  coils  of  pipes 
eodosed  in  a  wrought-iron  vertical  cylinder  which  is  constantly  kept 
fyll  of  cold  water  in  cln-ulation,  the  anhydrous  ammoniacal  gas 
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vapour  is  condense']  and  liquefie:!  iiy  the  pressure  caaseil  by  its  na  I 
accumulation. 

The  liquid  nmmonia,  which  leases  the  condenser  at  a  tempentiut 
of  between  70^  and  80"  Fahr.,  next  passes  into  the  cooler  or  refrigen- 
tor  D,  which  is  a  vertical  cadt-iron  vessel  fitted  with  coils  of  wioughi 
iron  pipes,  through  which  a  circulation  of  water  or  hrine  is  kepi  run 
ning.  In  this  cooler  or  refrigerator  the  liquid  ammonia  instuiil; 
cx|iands,  and  again  takes  ihe  fiTm  of  gas  nr  vapour     During  ihn  n- 


pansinn  its  sensible  heat  becoming  latent,  as  alr^dy  stated,  its  teBt< 
perature  is  reduced  instantly  to  from  lO"  to  20^  Fahr.,  or  considerabl)! 
lower  if  required,  and  the  water  or,  where  employed  for  ice-making^ 
the  brine  is  reduced  or  cooled  down  to  any  predetermined  temperature 

After  performing  its  cooling  office  in  the  refrigerator  d  the  a 
gas  or  vapour  is  led  through  another  pipe  into  the  absorber  e,  wherein 
it  comes  into  contact  with,  and  is  taken  icp  and  absorbed  by,  the  w 
from  whi'h  it  wns  first  eliminated  in  the  generator  a,  the  strong  solu^ 
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I  tiooihus  formeiJ  being  drawn  tiff  liv  the  ammonia  pumps  h  ami  forced 
I  bark  through  the  eronomiser  or  heater  g  (wherein  its  temperature  is 
I  nised  by  the  water  which  is  passing  from  the  generator  into  the  ah- 
'     "itberj  inio  the  generator  a  to  he  re-evaporated. 

The  improved  ammonia  pumps,  which  are  of  a  patented  design,  are 
!;-'>iinteiI  in  a  frames,  as  shown  in  Tig,  90,  and  when  employed  with  a 
Irin.;  rirailation,  a  brine  ptimp  is  also  attacheii  to  the  nutside  nf  one 
L    "flhe  A  frames,  and  is  driven  liy  means  of  a  disc  rrank  fiiied  upon 
I    the  shaft  carrying  the  eccentrics  for  working  the  ammonia  pumps. 
\         f>ne  of  the  ammonia  pump  cylinders  is  shown  in  side  elevation,  and 
>'Tiiral  i-entral  section,  in  the  enlarged  views  Figs.  91  am!  92.     As  wili 
'■'  Hi'arly  seen  from  the  sectional  view.  Fig.  92,  the  pump  is  of  the 
l'i*in  type  am]  double-acting. 
I  A  great  advantage  in  having  two  ammonia  pumps  is  that  they  can 

I    be  v>  arranged,  that,  if  necessary,  one  of  them  can  be  shut  off  for 
I     tepairs  or  overhauling,  whilst  the  other  is  continued  in  work. 
'  The  method  of  working  the  Pontifex-Wood  improveti  ammonia  ab- 

■''^llion  machine  is  as  follows  :•— 

All  connections  being  properly  made,  and  the  generator  filled  or 
'barged,  with  the  ordinary  ammoniacal  liquor  of  commerce,  up  to  the 
ITOper  le\-el.  as  indicated  by  the  gauge  attached  thereto,  a  little  steam 
■^  ailmitted  to  the  cmI  of  pipes  inside  the  generator,  so  as  to  raise 
I'ist  sufficienl  pressure  of  gas  or  vapour  to  expel  all  the  air  from  the 
■'I'Piiratus  through  an  escape  valve  provided  for  that  purpose  in  the 
^'isorber. 

As  soon  as  all  the  air  is  thus  expelled,  the  full  pressure  of 
^'eimis  turned  on  to  the  heating  coils  in  the  generator,  and  the  am- 
""'nil  in  the  sokition,  being  extremely  volatile,  is  instantly  driven  off 
''  'he  form  of  gas  or  vapour,  and  passes  up  through  the  separator, 
"here  any  aqueous  vapour  is  arrested,  and  returned  to  the  top  of  the 
•"tindenaer;  the  aqueous  portion  of  the  ammoniacal  solution  remaining 
''ehind  in  the  generator. 

The  condensing  water  is  admitted  at  the  bottom  of  the  condenser 
"'id  IS  taken  off  at  the  top,  the  ammoniacal  gas  or  vapour  taking  the 
"^'pptisiie  course,  and  passing  downwards  through  the  coil  of  pipe 
ifisrein,  the  upper  portion  of  which  coil  is  provided  at  intervals  with 
Imps  or  pockets,  and  is  known  as  the  rectifier.  During  its  passage 
through  this  coil  the  gas,  or  vapour,  is  reduced  in  temperature  by  the 
condensing  water,  and  any  watery  particles  that  may  have  escaped  the 
.separator,  and  been  carrieil  over  with  the  ammonia,  are  caught  ii 
above  mentioned  traps  or  pockets,  and  are  immediately  passed  out 
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the  coil  and  returned  into  the  separator,  through  the  connectioD 
shown  in  the  drawing.  After  passing  the  lowermost  trap  or  pocket  the 
ammoniacal  gas  or  vapour  is  quite  dry  or  anhydrous,  and  it  is  ^ 
practically  perfect  reduction  thereof  to  this  condition  that  constitutes 
the  chief  advantage  of  the  Pontifex-Wood  improved  machine. 

The  dry  or  anhydrous  ammoniacal  gas  or  vapjour  now  continoes 
to  descend  the  coil  in  the  condenser,  until,  by  reason  of  its  accumula- 
tion, it  reaches  a  pressure  at  which  it  becomes  liquefiable,  the 
liquefaction  being  greatly  forwarded  by  the  reduction  of  temperature 
eflferted  in  the  condenser  by  the  constant  circulation  of  the  cooling 
water.  The  apparatus  is  so  constructed  and  regulated,  that,  as  the  gas 
or  vapour  becomes  liquefied,  the  product  of  liquid  anhydrous  ammonia 
passes  into  the  refrigerator,  wherein  it  vaporises  at  the  ordinary  atmo- 
spheric pressure  at  a  temperature  as  low  as  —  28°  Fahr.,  and  at  the 
moment  it  thus  changes  its  form  it  absorbs  and  renders  latent  a  very 
large  amount  of  heat,  as  has  been  already  mentioned. 

The  water  or  other  liquid  to  be  cooled  is  passed  direct  through 
the  coil  arranged  in  the  refrigerator;  or,  where  ice-making  is  carried 
out,  a  strong  solution  of  chloride  of  calcium  or  brine  is  passed  through 
it,  cooled  to  the  requisite  low  temperature,  and  pumi>ed  into  the  ice- 
making  or  freezing  tanks. 

The  ammonia,  which  has  now  again  assumed  a  gaseous  form,  passes 
from  the  top  of  the  cooler  or  refrigerator  into  the  absorber,  which 
latter  is  connected  to  the  bottom  of  the  generator,  through  a  suitable 
pipe,  the  pressure  in  the  latter  forcing  a  constant  stream  of  the  water 
left  in  it  at  starting  into  the  absorber,  where  this  weak  solution  greedily 
abs()ri)s  or  takes  up  the  gas  coming  from  the  refrigerator,  and  the 
strong  solution  thus  formed,  which  is  similar  to  that  first  placed  in 
the  generator,  is  drawn  off  by  the  ammonia  pumps. 

The  strong  rich  solution  is  then  forced  through  a  coil  of  pipe  in 
the  economiser  or  heater  into  the  top  of  the  separator,  wherein  it  passes 
down  through  a  succession  of  trays,  which  latter  are  heated  by  the 
hoi  va[)our  or  gas  ascending  from  the  generator,  and  the  ammonia  is 
once  more  separated  from  the  water  in  which  it  is  dissolved,  the 
solution  gradually  becoming  weaker,  until  it  finally  falls  back  into  the 
generator  almost  entirely  exhausted  of  ammonia. 

As  in  Carry's  apparatus  the  complete  process  forms,  it  will  be 
seen,  a  continuous  closed  cycle,  the  changes  from  liquid  to  gas  and 
vice  versa  being  constantly  repeated. 

Theoretically  the  only  outlay  for  working  the  machine,  outside  the 
small  amount  of  m\  required  for  lubricating  the  moving  parts  and  the 
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lj|)[iiir.  is  ihat  entailci  for  the  coal  or  other  fuel  ronsumei]  in  raising  ' 
^^um  [or  healing  purposes,  where  exhaust  or  waste  steam  is  not 
rmpl.iieH,  and  for  supplying  the  smali  steam-engine  requisite  to  drive 
tlie  miQionia  pumps;  in  cases,  however,  where  water  has  to  be  paid 
f"r.  there  is  an  aijdilional  outlay  for  the  water  that  is  used  for  cnii- 
"lensing  and  other  purposes.  The  boiler  power  required,  where  direi-t 
'If  live  steam  is  iiseiJ,  varies  from  2  horse-power  in  the  smaller  machines, 
»hich  are  capable  o(  performing  work  equal  to  the  reduction  of  235 
^!ons  of  water  10',  or  of  60,000  cubic  ft.  of  air  20°  Fahr.  per 
hiiiir,  or  of  an  ice  equivalent  melleiJ  per  ^4  hours  of  ij^  tons; 
to  15  horse-power  in  the  larger  siies  adapted  Hi  so  treat  8,000  gallons 
«i(  water,  or  1,900,000  cubic  ft.  of  air,  or  of  an  ice  equivalent  in  toi 
•nelted  per  zi,  hours  of  50  tons.  In  like  manner  the  indicated  hors 
power  that  is  necessary  for  driving  the  ammonia  pumps  will  run  from 
one,  in  the  small  machines,  up  to  six  in  the  larger  sizes;  and  the 
amount  of  condensing  water  at  50°  Fahr.  from  100  to  3,000  gallons 
I«r  huur. 

In  practice  a  rertarn  amount  of  the  ammonia  is  always  unavoidably 
'"St  \yj  leakage,  even  under  the  most  favourable  circumstances.  The 
amnunt  of  ammonia  that  thus  goes  to  waste  and  has  to  be  replaced 
'iepends  chiefly  upi»n  the  care  taken  in  packing  the  ammonia  pumps, 
'*ut  under  average  conditions  it  usually  varies  from  240  to  400  lbs.  per 
*nniiin.  The  price  of  the  ordinary  commercial  liquor  ammonia  used 
iti  the  machine  is  from  jd.  to  4d.  per  lb.  In  some  exceptional  cases. 
'Kiwever,  machines  have  run  in  a  satisfactory  manner  for  two  or 
'firee  years  without  any  additions  of  ammonia  having  been  made. 

Other  refrigerating  machines  acting  on  the  above  principle,  of 
*l'ich  mention  may  be  made,  are  those  of  Hill,  Seelej',  and  another  one 
''I  French  origin. 

A  number  of  British   patents  have  been  obtained  by   Frederick 

"wker  Hill,  both  singly  and  in  combination  with  others,  for  improve- 

"lents  in  ice-making  and  refrigerating  machinery.     No.  3417  of  1876, 

^'ishigawa  and  Hill;  No.  6808  of  J885,  Hill  and  Gorman;  and  No. 

MSM  of   1886.   Hiil  and   Gorman,   claims  certain    improvements  in 

absorption  machines  the  latter  patent  comprising  mainly  improved 

rneins  for  heating  the  ammonia  boiler  and  for  the  formation  of  cold 

fires  for  refrigerating  purposes.     Hill,  No.  13487  of  1887,  describes 

1  a  refrigerating  machine  with  mercurial  pump,  wherein  mercury  is  em- 

Ipltiyed  for  drawing  air  or  other  gas  or  vapour  into  and  discharging  it 

from  one  or  more  chambers.     It  is  stated  that  the  mercury  acts  as  a 

•)  to  close  the  aperture  of  the  suction  pipe,  and  that,  consequently. 
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the  use  of  a  suction  valve  can  be  dispensed  with.  This  pump  may 
be  adapted  for  use*  with  an  apparatus  such  as  described  in  the  pib 
viously  mentioned  patent. 

No.  1 707 1  of  1SS8,  Hill  and  Sinclair,  contains  a  description  of  1 
refrigerator  or  ice-making  machine  mounted  upon  road  or  travel&ig 
wheels,  and  pro\ided  with  suitable  means  whereby  motion  may  be 
transmitted  to  its  dri\'ing-shaft  from  one  of  the  wheels  during  tnms- 
port 

No.  2081 1  of  1889,  Hill  and  Sinclair,  contains  certain  impro^ 
ments  in  the  absorption  machine  described  in  No.  159 14  of  1S86. 
The  ammonia  boiler  or  still  is  formed  in  this  case  of  two  horizontal 
tubes  connected  by  suitable  pipes  which  extend  longitudinally  within 
the  tubes.  The  horizontal  parts  of  the  pi|>es  are  perforated  at  their 
upper  sides  to  ensure  imiformity  in  the  action  of  the  apparatus. 
In  combination  with  the  refrigerating  apparatus  are  employed  two  slabs 
or  tables  formed  of  metal  or  other  suitable  material  of  good  thermal 
conductivity,  beneath  which  circulates  brine  of  other  non-congealahle 
liquid  for  conveying  the  cold  from  the  refrigerating  tubes  or  chambers 
to  the  slabs  or  tables.  These  cold  slabs  or  tables  are  adapted  for 
facilitating  and  expediting  the  manufacture  of  chocolate,  confectionery, 
pastr)-,  and  other  substances  which  are  formed  in  moulds,  and  which 
can  be  manipHilated  upon  the  slabs  or  tables. 

Hill,  No.  16253  of  1889,  describes  an  improved  refrigerating  aiiii 
ice-making  machine,  adapted  to  work  on  the  intermittent  ammonia- 
absorption  process.  The  main  features  of  the  invention  consist  in  the 
production  of  cold  by  this  method,  wherein  impoverished  ammoniacal 
liquor  from  the  ammonia  boiler  is  caused  to  pass  into  one  or  more 
supplemental)'  or  auxiliar}'  absorbers,  in  which  the  ammoniacal  gas  is 
subsequently  absorbed,  and  from  which  the  liquor  together  with 
the  gas  absorbed  thereby  is  then  returned  to  the  ammonia  boiler. 

In  ammonia-absorption  refrigerating  and  ice-making  machines  as 
constructed  before  the  date  of  this  invention,  it  was  necessary,  after 
the  distillation  of  the  ammonia,  to  reduce  the  temperature  of  the  liquid 
in  the  boiler  until  the  pressure  became  sufficiently  diminished  to  permit 
the  vaporisation  of  the  liquid  ammonia  in  the  refrigerator,  and  until 
the  liquid  in  the  boiler  was  sufficiently  cool  to  permit  the  absorption 
of  the  ammoniacal  gas  thereby.  This  cooling  of  the  liquid  neces- 
sarily occupied  a  considerable  space  of  time.  Besides,  in  many  of 
these  refrigerating  and  ice-making  machines  the  absorption  of  the  am- 
moniacal gas  took  place  only  at  the  surface  of  the  liquid  in  the  boiler, 
and  was  necessarily  a  slow  process,  the  liquid  being  of  higher  tempera- 
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lure  at  the  surface  than  at  any  uther  part  thereof,  and  having  its  tem- 
perature raised  at  the  surface  by  the  condensation  of  the  gas. 

The  inventor  claims  to  have  discovereti  that,  by  employing  one  or 
amie  separate  or  auxiliary  absorbers,  which  can  be  put  in  communica- 
tion with  the  boiler,  the  cooler  or  condenser,  and  the  refrigerator  as 
required,  and  in  which  the  ammoniacal  gas  can  ascend  through  a  body 
dI  liquid,  he  can  very  rapidly  diminish  the  pressure  in  the  ammonia 
boiler  by  absorbing  the  gas  from  the  boiler,  the  rectifier,  and  the  con- 
denser in  the  absorber  or  absorbers;  and  is  enabled  to  effett  the  ab- 
Hnption  of  the  ammoniacal  gas  from  the  refrigerator,  either  in  the 


supplementary  or   auxiliary  absorber  or  absorbers   or  in   the   boiler, 

iQunediately  or  very  soon  after  the  distillation,  thus  greatly  expediting 

■be  production  of  cold  by  the  machine. 

Fig.  93  b  a  front  view  partly  in  section,  and  Fig.  94  is  an  end  view 

of  Hill's  refrigerating  apparatus  provided   with  a    supplementary   ur 
ucdliaiy  absorber. 

A  indicates  the  ammonia  boiler,  b  the  separator  or  rectiliL'r,  c  the 
cooler  or  condenser,  and  d  the  refrigerator,  e  is  the  supplementary  or 
Uiihaiy  absorber,  which  is  connected  with  the  boiler  a,  the  condenser 
c,aiid  the  refrigerator  d  by  pipes  f,  f',  f',  f^  fitted  with  stopcocks  or 
vslves  c,  g',  o',  g'.     By  the  manipulation  of  these  cocks  as  may  be 
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rei[ULred,  the  impo^'erished  ammoniacal  liquor  from  the  boiler  may  t: 
introduced  into  the  absorber  e  after  the  distillation  of  the  an 
and  the  liquid  charged  with  gas  by  absorption  may  be  caused  to  telurn 
from  the  absorber  to  the  boiler.  Thus  when  the  li([md  anhydroui 
ammonia  has  been  collected  in  the  refrigerator  d,  the  cocks  c'',  r.',  ire 
closed  and  the  cocks  g,  g'  partly  opened,  so  as  to  admit  of  the  weak  or 
impoverished  solution  from  the  boiler  a,  or  a  sufHcienl  portion  of  it, 
being  forced  into  the  absorber  e  ;  the  cock  or  valve  g'  is  then  closed, 
and  the  cock  g^  is  opened  to  rapidly  relieve  the  pressure  in  the  con- 
denser, rectifier,  and  boiler,  by  allowing  the  gas  therefrom  to  become 
absorbed  by  the  weak  solution  in  the  absorber  f„  As  soon  as  ll** 
solution  in  the  boiler  is  sufficiently  cooled  to  permit  re-absorption  o(  tl* 
gas  thereby,  the  boiler  is  placed  in  communication  with  the  refrigerator 
by  opening  the  cocks  or  valves  c',  g\  The  ammonia  solution  from  tl* 
absorber  k  will  be  returned  by  gravity  or  in  any  other  conveniC 
manner  into  the  ammonia  boiler  a,  through  the  cocks  g,  g',  wb« 
required.  \ 

Instead  <jf  placing  the  refrigerator  d  in  communication  with  t^ 
boiler  A,  it  may  be  so  connected  with  the  supplementary  or  aujtilii^O 
absorber  E,  thereby  permitting  the  vaporisation  of  liquid  ammonia.  '" 
the  refrigerator,  and  the  absorptioii  of  the  ammoniacal  gas  by  t*"* 
impo\'erished  ammoniacal  liquor  previously  introduced  into  1 1^^ 
absorber  e  from  the  ammonia  boiler.  While  the  vaporisation  of  cb* 
ammonia  in  the  refrigerator  is  thus  proceeding,  the  weak  solution  *^ 
the  ammonia  boiler  may  be  corded,  after  which  the  refrigerator  may  i 
put  into  communication  with  the  ammonia  bwler. 

In  Fig.  95  is  shown  a  complete  machine  constructed  on  the  fort 
going  principle.  L  is  a  coil  boiler  for  heating  the  solution  i 
anunonia  boiler  a,  with  which  the  coil  boiler  is  connected  througi 
the  medium  of  a  separator  M. 

The  type  of  absorption  machine  made  by  the  Henrj-  Vogt  Machia 
Company,  of  Louisville,  Ky.,  U.S.A.,  has  no  round  coils  and  ben 
pipes.  The  generator  operates  on  the  fractional  distillation  principll 
and  is  claimed  to  produce  practicaJly  anhydrous  ammonia.  It  cod 
aists  of  a  main  casting  divided  into  four  compartments  communicatin 
the  one  with  the  other,  and  four  horizontaJ  pipes  connei:te<l  to  tl 
casting,  which  contain  the  steam  heating  coils.  The  highest  compa* 
ment  of  the  main  casting  is  connected  to  a  stand-pipe  containing  i 
analyser  and  rectifying  coil  by  which  the  gas  is  dried  before  it  leavB 
the  still.  The  strong  liquor  is  passed  in  at  the  top  of  the  stand-piiM 
and  descending  through  ihe  rectifying  coils  and  the  analyser  reach) 
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the  upper  compartment  of  the  main  casting,  from  which  it  flows  over 
the  steam  coil  in  the  horizontal  pipes,  passing  from  one  to  the  other 
UDtil  the  lowermost  compartment  is  leached.  The  gas  that  is  gene- 
rated is  delivered  through  the  aperture  in  each  compartment  to  the 
stand-pipes,  where  it  deposits  its  moisture,  and  the  dried  gas  goes  on  to 
the  condenser. 

The  heat  exchanger  or  economiser  consists  of  an  arrangement  of 
Straight  concentric  tubes,  the  outermost  of  which  are  connected  at  their 
alternate  extremities  by  j-f-^haped  pieces,  and  the  inner  ones  being 
coupled  together  by  external  bends  also  acting  as  glands  to  the  joint- 
ing. The  strong  ammonia  liquor  enters  the  heat  exchanger  at  the 
bottom  on  its  passage  to  the  still  or  generator,  and  is  delivered  out  at 
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t'B'  93' — Hill's  Ammonia  Absorption  Machine,  with  Supplementary  or  Auxiliarj- 
Absorber.    Diagrammatical  View  of  Coimlele  fttachine. 

the  top.  The  weak  liquor  from  the  still  or  generator  on  the  other 
hand  enters  the  heat  exchanger  at  the  top,  and  leaves  it  at  the  bottom. 

A  double-acting  horizontal  fly-wheel  pattern  pump,  running  at  a 
speed  of  25  revolutions  per  minute,  is  employed,  the  special  feature 
of  which  is  the  constniction  of  the  ammonia  stuffing  box  with  a  sur- 
rounding water  chamber,  which  acts  as  a  lubricator  to  ihe  piston  rod. 

The  absorber  is  constructed  in  the  form  of  an  upright  tubular 
boiler  open  at  the  top,  the  tubes  being  uniformly  distributed,  and  so 
arranged  that  they  can  be  cleaned  whilst  the  machine  is  running.  The 
cooling  water  is  admitted  at  the  bottom,  and  passes  out  at  the  top, 
an  automatic  regulator  controlling  or  governing  the  flow. 

The  type  of  absorption  machine  made  by  the  Ice  and  Cold 
Machine  Company,  of  St.  Louis,  Mo.,  U.S.A.,  is  a  modification  of  the 
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Carre  apparatus  liv  Mr.  Ball.     The  generati>r  is  ri 'iistruclei.!  of  st« 
and  is  of  a.  vertical  cylinilricalfi.irm,  havingaremiivahle  top  head,  sleEB-ntl 
heateH,  and  with  drj'ing  Irays  or  pans  arrangeil  in  the  gas  dome, 
open-air  or  a  submerged  type  of  condenser  is  employed  in  accordara  < 
with  the  water  supply.     The  heat  exchanger  or  equaJiser  is  a  cylin  ~ 
fitted  with  removable  heads  containing  tubes.     From  the  shell  of  t 


Absor[itioi 


heat  exchanger  the  poor  liquor  passes  to  the  coils  of  the  poor 
liquor  cooler,  which  is  also  rither  of  the  submerged  or  open-air  surface 
evaporative  type,  and  thence  to  the  absorber. 

The  gas  liqiiefie<l  in  the  condenser  tubes  passes  through  the  ex- 
pansion valves  to  the  expansion  or  evaporating  coils  in  the  freezing 
tank,  and  it  returns  from  thence  to  the  absorber. 

This  latter  apparatus  is  a  cylindrical -shaped  ves.sei  filteil  with  ver- 
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'"^a!  tubes  up  through  which  the  water  |iassi!s,  renmving  llie  heat  from 
'he  ammonia. 

The  ammonia  is  raised  by  two  single-acting  vertical  pumps  driven 
by  a  vertical  steam  engine,  to  which  they  aie  directly  coupled.  These 
pumps  lift  the  enriched  ammonia  from  the  absorber  through  the  ex- 
changer tubes  into  the  top  of  the  generator,  and  thus  complete  the 
cycle. 

To  dry  the  gas  and  separate  any  moisture  therefrom  the  air-blast 
is  m^ntained  at  a  temperature  of  14°  below  zero  Fahr.,  and  the  tem- 
perature of  the  ice-making  box  or  tank  is  from  zero  to  2''  Fahr. 


Fig,  g6  is  a  front  view.  Fig.  97  is  a  side  view,  and  Fig.  98  is  a  ver- 
tical longitudinal  central  section  through  either  a,  c,  or  b,  d  ;  Fig.  96 
showing  Cracknell's  patent  ammonia  absorption  machine,  formerly 
made  by  the  Tyler  and  Ellis  Mfg.  Co.,  Ltd.,  now  by  Ransome  and 
Rapier,  Ipswich,  and  known  as  the  "  Simplex."  The  machine  con- 
sists esswitially  of  two  vessels  (a  and  b),  one  of  which  vessels  (say  b), 
contains  strong  anhydrous  ammonia  liquor,  and  is  heated  by  a  steam 
coil,  whilst  the  other  vessel  a  is  filled  with  the  sp^^t  liquor  from  the 
last  operation,  and  is  cooled  by  a  water  coil.  Ammonia  is  given  off  in 
E  under  considerable  pressure,  and  passes  through  (he  valve  to  the 
cond^iser,  where,  becoming  cool,  it  condenses  or  liquefies,  and  passes 
to  the  expansion  valve  as  liquid  anhydrous  ammonia.     After  getting 
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t  expaaskm  valre,  which  latter  is  regulatcl  in  pass  ihe 
g  to  the  amount  of  heat  to  be  abstracted,  or  cooling  to  be  jw- 
fonned,  the  pressure  disappears,  and  the  liquid  ammonia  rapidly  ei> 
potates  as  it  travenes  the  succeeviing  pipes  and  coils,  producing  a  lam 
voliune  or  gas  of  3D  intense  cold-  After  traversing  the  cooling  o 
in  the  evaporator  or  rrfrigerator  the  gas  returns  to  the  machine  ihiougli 
ancAher  valve,  where  it  meets  the  weak  liquor  in  the  vessel  a,  : 
sorted  by  it.  This  process  continues  until  the  charge  in  B 
spent,  and  that  in  a  concentrated,  when  the  valves  i  and  n  e 
closed,  the  \-alve5  l  and  k  opened,  the  reveniing   handle  t  iiimej 


towards  d,  and  upon  the  equalising  nf  the  pressure  on  the  two  gauge* 
the  valves  l  and  k  should  be  closed,  the  valve  j  opened,  and,  as  soon 
as  the  pressure  falls  below  30  lbs.  on  the  pressure  gauge  on  a,  the  vaive 
M  should  be  also  opened.  The  effect  of  this  will  be  to  exactly  reverse 
the  order  of  things,  a  then  becoming  the  high  pressure  or  hot  side,  and 
B  the  low  pressure  or  cool  side.  Each  of  these  operations  will  average 
about  an  hour,  " 

Fig.  99  is  a  plan.  Fig.  100  is  front  \-iew,  and  I-'ig.  loi  is  a  vertical 
longitudinal  section  illustrating  a  small  refrigerating  machine,  on  the 
absorption  system,  designed  by  Mr.  Lyon,  of  Glasgow.  The  illustra- 
tions, as  well  as  the  following  description,  are  taken  from  his  patent 
specification. 

G  is  the  generator,  and  a  is  the  absorlier,  both  of  which  are  horizon- 
tally placed  cylindrical  vessels,  ihe  absoriier  being  located  at  a  higher. 
level  than  the  generator.     Heal  is  applied  in  ihe  generator  G,  through 
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*^  pipe  s,  through  which  steam  is  passed,  or  an  electric  heater  or  other 
-'^Jiown  heating  appliance  may  be  used ;  and  the  vessel  is  encased  in  a 
^lell  packed  with  a  material  h,  which  is  a  bad  conductor  of  heat. 
"I'he  upper  part  of  the  generator  G,  is  connected  by  a  pipe  b,  to  the 
lt)wer  part  of  a  vessel  R,  termed  a  rectifier,  which  is  kept  at  a  moderate 
"temperature  by  a  water  jacket  j,  and  in  which  ammonia  vapour  enter- 
X  ng  it  from  the  generator  G,  separates  from  traces  of  water  which  return 
to  the  generator.  From  the  rectifier  r,  the  ammonia  vapour  passes 
"through  a  pipe  d,  to  a  worm  condenser  or  other  condenser  c,  in  which 
i  t  is  acted  on  by  cold  water  so  as  to  become  cooled  and  liquefied. 


y^-.:^-:.- 
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Fijj.  09.-  Lyon's  Patent  Ammonia  Absorption  .Nfachinc.     IMan. 


The  ammonia  thus  condensed  and  liquefied  is  employed  in  the  or- 
dinary way  so  as  by  its  expansion  in  tubing  t,  indicated  by  dotted  lines, 
immersed  in  brine  in  a  tank  u,  to  produce  refrigeration,  the  ammonia 
proceeding  from  the  condenser  c,  by  a  pipe  v,  having  on  it  a  regulating 
or  expansion  valve  w,  to  the  expansion  tubing  t.  From  the  expansion 
tubing  the  ammonia  vapour  passes  by  a  pipe  x  into  the  absorber  a, 
which  is  provided  with  an  internal  pipe  coil  v,  and  with  an  external 
jacket  z,  through  which  cold  water  is  passed. 

On  starting  the  machine  the  absorber  a  will  be  partly  filled  with 
water  or  with  a  weak  solution  of  ammonia,  there  being  then  in  the 
generator  o,  a  strong  solution  of  ammonia.  During  the  operation  the 
solution  in  the  generator  c,  becomes  weakened  because  of  the  evapora- 
tion of  the  axiimonia,  whilst  that  in  the  absorber  a,  becomes  strength- 
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ened  by  absorbinf!  ammoma  vapnur  from  the  exiiansion  lubes  t;  and 
when  the  operation  has  been  continued  as  long  as  is  desirable,  the 
strong  stjlution  in  the  absorber  is  run  through  a  stop-cock  e,  and  pipe 
F,  into  an  intermediate  vessel  i.  Then  there  is  opened  a  stop-cock  k, 
nn  a  pipe  i-,  which  extends  from  the  absorber  a,  down  to  the  lower  part 
of  the  generator  c,  whereupon  owing  to  the  excess  of  the  pressure  in 
the  generator  over  that  in  the  absorber,  the  weak  solution  in  the  former 


is  traitaferred  to  the  latter.  Finally  a  stop-cock  m,  in  a  pipe  n,  cor^" 
necting  the  intermeiliate  vessel  i  with  the  generator,  is  opened,  and  tl»^ 
strong  solution  is  nm  into  the  generator  ready  for  a  fresh  operation. 

For  the  purpose  of  equalising  the  pressure,  the  intermediate  vessel 
1,  has  connected  to  it  a  pipe  a,  with  branches  b,  c,  connected  to  the 
absorber  a,  and  to  the  generator  g,  the  branches  having  stop  valves  d, 
t.  Thus  when  the  solution  is  being  transferred  from  the  absorber  a,  to 
the  interrnediale  vessel  i,  the  upper  valve  rf,  is  upeneil,  the  lowt-r  oni^  <■, 


^ 


THE  ABSORPTION  PROCESS  OR  SrSTEM. 

being  closed,  and  wheii  the  solution  is  being  transfened  from  the  inlet- 
mediate  vessel  I,  to  the  generator  c,  the  upper  valve  d  is  closed,  and 
the  lower  one  t,  opened. 

Fig,  I02  is  a  diagram  illustrating  a  patent  automatic  electrically 
lieatwi  absorption  machine  lately  designed  by  Mr.  C  J.  Coleman,  of 
C'hicago,  U.S.  In  the  diagram  the  apparatus  is  shown  partly  in  vertical 
'  t^niral  section,  and  a  represents  a  combined  absorption  and  generating 
thamber;  b  an  auxiliary  absorption  chamber;  C  the  rectifier  or  waler 
separator;  d  the  storage  or  condensing  coils  or  chamber  in  which  the 
ammonia  gas  ci^llects  iji  a  liquid  or  highly  condeiised  state;  e  the 


^witomatic  e.tpansion  valve  or  cock;  f  the  expansion  chamber,  or 
Coils,  wherein  the  condensed  ammonia  gas  from  the  storage  chamber 
is  allowed  to  expand  so  as  to  effect  the  cooling  step  or  operation 
of  the  sj-stem. 

As  shown  the  generator  a  is  connected  by  means  of  a  pipe 
G  with  the  water  separator  or  rectifier  C,  and  this  latter  is  in 
its  turn  connected  by  a  pipe  h  with  the  condensing  or  storage  chamber 
D,  a  check  valve  i  being  provideii  in  this  pipe  connection  to  prevent 
my  backflow  into  the  rectifier  and  generator.  The  condensing 
chamber  d  is  connected  to  the  expansion  or  cooling  chamber  f  by  a 
ich  latter  is  arranged  the  expansion  valve  or  cock 
t  expansion  or  coolitig  chamber  is  in  its   turn  connected 
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Uixiliaiy-  absorption  chamber  b,  by  means  of  a  pipe  K,  the  aiudEu] 
absorption  chamber  being  connected  to  the  main  generator  by  a  [npet, 
fitted  with  a  check  valve  u,  to  prevent  any  backflow  frotn  the  genenta 
into  the  former. 

The  rectifying  chamber  C  b  provided  with  a  partition  or  diaphngn 
N,  which  is  constructed  of  some  material  of  a  ptxous  nature  that  n9 
allow  of  the  passage  therethrough  of  a  gaseous  body  such  as  anunnu 
gas,  but  will  prevent  the  passage  of  water  or  aqueous  vapour.  For 
this  purpose  the  inventor  finds  unglazed  and  highly  vitrified  porcdais 


to  be  a  good  material,  and  a  similar  material  to  that  employed  in  the 
manufacture  of  the  ordinary  porous  battery  cups  that  has  been  treated 
with  some  antihvgroscopic  material,  such  as  paraffin,  is  likewise  found 
lo  be  suitable  for  the  purpose.  The  cup  or  pot-shaped  form  shown  in 
the  drawing  is  found  to  be  preferable,  as  affording  the  maximum 
amount  of  working  surface,  in  combination  with  cheapness  and  sim- 
plicity of  construction. 

Electricity  is  employed   fur   heating   purposes,   and   o   represents 
an  electric  heater,  which  is  arranged  within  the  generator  a,  so  as  to 
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raise  [he  temperature  of  the  latter  to  the  desired  point,  The  operating 
ciRuil  of  this  electrical  heating  apparatus  includes,  in  addition  to  a 
tiatiet)-,  or  some  other  source  of  electrical  energy  p,  a  switch 
mechanism  q,  which  is  adapted  to  open  and  close  the  circuit,  and 
^shirh  is  so  pivoted  that  it  will  have  more  or  less  friction  on  its 
pnotal  hearing,  and  thus  will  have  a  tendency  to  remain  in  the 
position  to  which  it  may  be  set  or  moved,  until  such  time  as  it  is 
positively  moved  from  such  position  ;  r  is  a  pressure  gauge  or  motor, 
located  in  the  pipe  connection  ir,  leading  from  the  rectifier  c.  to  the 
storage  tank  or  coil  n,  and  the  duty  of  which  is  to  indicate  the  pressure 
•ithin  this  coil  or  tank,  and  also  to  impart  movement  in  unison 
■ith  the  pressure  in  this  latter  to  a  connecting  rod  or  link  s,  which 
latter  is  in  operative  connection  with  a  pivoted  thermijstat  t  of  a 
Wnwtallic  formation.  These  connections  are  so  arranged  that  with  the 
wiatigns  of  pressure  in  the  storage  tank  or  coil  d,  the  thermostat  t 
*ill  lie  correspondingly  moved  towards  or  away  from  the  contact  point 
"■  This  operating  circuit,  which  is  controlled  by  the  thermostat,  in 
addiiiwi  to  a  battery  or  other  source  of  electrical  energy  v,  also 
wclu(!es  an  operating  electro-magnet  w,  by  which  the  switch 
"lechanism  q  is  worked,  so  as  to  break  or  open  the  circuit  of  the 
heating  apparatus  o, 

X  is  a  float  arranged  in  the  interior  of  the  generator  a,  which  float 
« '^onnectetl  with  a  pivoted  bimetallic  thermostat  v  in  such  a  manner 
"■at  the  final  movement  of  the  float  in  an  upward  direction  will  move 
file  ihermo Stat  v  towards  the  contact  point  v',  and  will  thus  complete 
^f  close  the  circuit-  In  this  circuit  is  also  included  a  battery  v',  and 
^°  operating  electro  magnet  v',  by  which  the  switch  mechanism  ij  is 
forked  lo  close  or  complete  the  circuit  of  the  heating  apparatus.  The 
^'Ktto-magnet  z,  is  adapted  to  open  the  expansion  valve  or  cock  e, 
*""!  the  operating  electrical  circuit  in  this  magnet,  in  addition  to  a 
'^liery  or  other  source  of  electrical  energy  z',  also  includes  a  thermostat 
^'  which  is  within  the  influence  of  the  expansion  or  cooling  chamber  v. 
"'  the  system,  and  which  is  adapted  to  maintain  the  temperature  within 
"if  expansion  chamber  constant. 

In  Fig.  103  is  shown  diagranimatically  the  general  arrangement  of 
*  leading  type  of  modem  American  absorption  machine. 

The  construction  of  this  apparatus  will  be  readily  understood  from 
Ihe  particulars  given  upon  the  drawing  and  from  the  foregoing 
'li^riptions. 

In    Seeley's  absorption    machine  anhydrous 
iigenl  or  medium  employed.     The  novel  feature  in  his 
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irr.ingement  uf  the  generators,  which  can  be  aliemalely  heateii  by 
'■^dns  of  steam  coils,  aoil  which  are  charged  wilh  dry  pulvenseil 
bl'iride  of  caJcium.  On  heat  being  applied  to  cme  of  these  genera- 
■"^s  the  liberated  gas  rises,  is  passetl  through  a  condenser,  expandeil 
ind  evaporated  in  a  refrigerator,  and  lasdy  returned  to  tlie  second  gene- 
rator, wherein  it  is  taken  up  or  absorbed  by  the  dry  chloride  of  caiciiini. 
Heat  is  then  applied  in  its  turn,  to  the  second  generator,  and  the 
operation  is  reversed,  and  so  on  ad  infiailiim,  the  generators  alter- 
nately becoming  absorbers. 

In  a  French  machine,  the  refrigerating  agent  used  is  amylic  ether, 
which  is  capable  of  dissolution  under  the  action  of  sulphuric  acid. 
The  ether  is  firtt  extracted  from  the  acid  under  the  action  of  heat,  is 
liquefied  under  a  considerable  pressure,  and  is  passed  into  a  suitable 
receiver  or  container,  from  which  it  can  be  admitted  by  means  of  a. 
«0]Kock  or  valve  to  spiral  duels  surrounding  a  cylinder  or  vessel  cun- 
liining  the  water  to  be  frozen,  wherein  by  its  expansion  into  gas  it 
I  sbsrracls  the  heat,  as  already  mentioned  with  respect  to  other  machines 
"f  this  class.  The  vapour  is  then  returned  to  a  vessel  containing  sul- 
phuiic  acid,  by  which  it  is  once  more  absorbed,  to  be  subsequenllv 
^%aia  expelled  or  driven  off  therefrom  by  heat,  and  lo  pass  through  the 
Same  cycle  of  operations  as  before. 

Those  machines  wherein  a  refrigerating  agent  is  used,  which  con- 
sists of  a  compound  or  dual  liquid,  one  of  which  is  capable  of  liquefac- 
tion at  a  comparatively  low  pressure,  talcing  the  other  or  second  one 
'r»to  solution  by  absorption;  or,  in  which  the  refrigerating  agent  \r 
'■quefied  partly  by  absorption  and  partly  by  mechanical  compression, 
^e  said  to  work  on  what  is  usually  known  as  the  binary  or  dual  ab- 
^^rption  system. 

Johnson  and  Whitelaw's  machine  is  designed  for  use  wilh  bisul- 
phide of  carbon.  This  refrigerating  agent  is  first  vaporised,  and  with 
the  air  introduced  by  the  force-pump  is  passed  through  chambers 
^hargeil  with  oil,  by  which  the  bulk  of  the  moisture  of  the  gas  is  taken 
'>p  or  absorbed,  provision  being  made  for  extracting  that  of  the  air 
">■  passing  it  through  a  pipe  leailing  to  the  air-pump,  which  pipe  is  par- 
'■aUv  filled  with  chloride  of  calcium. 

Pictet's  refrigerating  agent  consists  in  a  combination  of  car- 
'"-in  dioxide  and  sulphur  dioxitie,  which  forms  a  liquid  having  a  vapour 
^•^nsion  much  less  than  that  of  carbon  dioxide,  or  even  of  sulphur  di- 
*>^ide,  at  temperatures  above  78°  Fahr,  An  improved  cooler  or  refri- 
:<Wator  patented  by  Pictet  in  1887,  which  can  be  employed  either  with 
*  compression  or  an  absorption  machine,  has  been  already  briefly  de- 
siTibed  on  page  83, 
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In  Nicolli  and  Mort's  machine  the  refrigerating  agent  used 
ammonia.  The  apparatus  consists  essentially  in  three  main  parts,  vii 
an  evaporator,  a  pump,  and  an  absorber,  and  the  operati 
follows : — 

The  evaporator  or  generator  is  first  charged  with  strong  ammoniac 
liquor,  vaporisation  being  affectetl  by  reducing  the  pressure  through  tt 
of  the  [JUiiip,  anil  heat  being  abstracted  thereby  from  the  liqtH 
to  be  cooleii  in  the  usual  manner ;  the  evaporator  or  generator  thus 
forms  a  dual  office  inasmuch  as  it  also  acts  as  the  refrigerator. 

The  weak  or  exhausted  liquor  passes  out  at  the  bottom  of 
evaporator  and  is  conducted  tbRiugh  suitable  pipes  to  the  pump,  who 
it  meets  the  ammonia  gas  or  vapour,  and,  together  with  the  latter, 
pumped  into  coolers,  sufficient  pressure  being  applied  to  liquefy  4 
\apour,  and  cause  a  renlissolutlon  thereof;  the  strcmg  solution  is  th^ 
returned  to  the  evaporator,  passing  on  its  way  through  an  interchangi 
wherein  its  temperature  is  reduced  by  that  of  the  cold,  exhausted, 
weak  liquor  also  passing  there^— through  to  the  pump.  | 

De  Motay  and  Rossi  use  as  a  refrigerating  agent  a  mixture  tJ 
common  ether  and  sulphur  dioxide  or  sulphurous  acid  (SO,),  which 
compound  is  known  as  ethjlo-sulphurous  dioxide.  It  was  found  by 
experiments  that,  at  ordinary'  temperatures,  liquid  ether  has  the  power 
of  taking  up  or  absorbing  large  volumes  of  sulphur  dioxide,  amounting 
to  as  much  as  three  hundred  times  its  own  bulk,  the  tension 
of  the  vapour  given  off  from  the  dual  liquid  being  below  that  of  the 
atmosphere  at  a  temperature  of  60"  Fahr. 

The  two  liquids  are  evaporated  in  the  refrigerator  by  reilucing 
the  pressure  through  the  action  of  the  air-pumps.  The  pressure  in  the 
condenser  is  at  no  time  in  excess  of  that  required  to  cause  a  iiqiwf^' 
tion  of  the  ether.  The  capacity  of  the  pump  need  not  be  so  larg^ 
as  that  which  would  be  necessary  were  ether  employed  by  itself,  but 
it  is  necessarily  somewhat  more  than  that  demanded  for  pure  sulpht" 
dioxide, 

De  Motay  and  Rossi's  apparatus  is  said  to  have  given  very 
results  in  the  United  States,  where  it  has  been 
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CHAPTER  X. 
THE  COLD-AIR  SYSTEM. 

Principles  of. — Early  Machines. — Modem  Patterns  of  Machines. — 'J'hc  Allen  Dense- 
Air  Ice  Machine. — Maximum  Theoretical  Efficiency  of  Cold-Air  Afachines. — 
Comparative  Tests  of  Cold- Air  Machines. 

Machines  on  the  cold-air  system,  that  is  to  say,  which  abstract  heat 
by  first  compressing  air  or  other  gas,  cooling  same,  and  afterwards 
permitting  it  to  expand,  or  by  first  applying  heat  in  order  ultimately  to 
produce  cold,  operate  on  a  principle  which  is  one  of  the  simplest  in 
physics,  viz.,  that  the  compression  of  air  or  other  gas  generates  heat, 
and  the  subsequent  expansion  thereof  cold. 

Mechanical  work  and  heat  being  respectively  convertible,  it  follows 
that  should  a  gas  be  caused  to  perform  certain  work  on  a  piston 
during  expansion,  its  store  of  caloric  will  be  exhausted  thereby  to  a 
degree  equal  to  the  thermal  equivalent  of  the  work  done,  the  gas  after 
expansion  being  at  a  lower  temperature  than  it  was  before  expansion, 
that  is,  provided  always  no  heat  is  supplied  from  any  other  source  to 
restore  that  so  lost. 

Machines  of  this  kind  or  class,  although  they  have  been  used  from 
time  to  time  for  cooling  hydrocarbons  of  a  volatile  nature,  are  more 
generally  employed  with  ordinary  atmospheric  air  only,  hence  they  are 
t'ommonly  known  as  cold-air  machines. 

There  have  been  several  notable  improvements  made  in  c^old-air 
machines  during  the  last  few  years,  practically  removing  most  of  the  old 
defects,  and,  in  the  author's  opinion,  putting  them  quite  to  the  fore- 
front for  the  refrigeration  of  food-stuffs,  and  the  smaller  sized  plants 
gmng  results  which  have  hitherto  been  thought  imix>ssible,  thus 
enabling  them  to  compare  favourably  for  power,  efficiency,  and  upkeej), 
^'ith  machines  using  chemical  agents.  Cole's  Patent  "  Arctic  "  Cold-Air 
^lachine,  which  will  be  found  illustrated  and  described  in  this  chapter, 
is  of  the  most  recent  type,  and  embodies  some  important  im})r()vements ; 
the  chief  amongst  these  being  that  all  moisture  is  automatically  ex- 
tracted from  the  compressed  air  before  expansion,  thus  obviating  the 
difficulties  that  were  experienced  in  earlier  machines  of  this  class, 
^^  the  valves  becoming  clogged  with  frozen  moisture.  Figures  are 
given  on  page  220  showing  the  results  of  tests  taken  by  the  author 
^rom  the  "Arctic"  machines  as  against  those  of  earlier  types;  but  in 
addition  to  the  better  results  obtained  in  power  and  efficiency,  the 
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freedom  from  snow  and  moisture  is  the  great  consideration  in  the  pre- 
servation of  comestibles. 

The  advantages  of  cold-air  machines  are: — First,  that  no  chemicals 
( )f  any  description  are  required,  consequently  their  employment  is  not 
attended  by  constant  dangers  from  possible  explosions  and 
fires,  or  loss  of  life  through  the  accidental  escaf)e  of  deadly  gasei 
Very  low  temperatures  can  be  rapidly  obtained  by  their  use.  Thdr 
(^instruction  is  comparatively  simple,  and  their  application  is  easy. 
The  entire  machine  is  situates!  externally  to  the  chamber  or  store  being 
refrigerated,  and  every  part  thereof  is  consequently  accessible  at  all  times. 

A  matter  of  the  greatest  imi>ortance  with  cold-air  machines  was  to 
ascertain  to  what  degree  any  water  that  might  be  present,  either  in  the 
form  of  steam  or  mist,  or  of  actual  liquid,  might  affect  the  heating  or 
cooling  of  air,  and  alter  the  working  of  the  machine,  besides  the  fonna- 
tion  of  snow  and  ice,  which  unavoidably  resulted  therefrom,  and  which 
was  a  most  objectionable  feature  in  early  machines. 

On  this  head  Mr.  Lightfoot  observes,*  "  The  important  fact  to  be 
noted  in  this  investigation  is,  that  air  at  constant  pressure,  having  free 
access  to  water,  will  hold  a  different  quantity  of  water  in  solution  or 
steam  at  each  different  temperature;  or  conversely  the  temperature  of 
the  *  dciv  point '  for  any  body  of  air  varies  with  each  quantity  of  water 
held  in  solution  by  it.  The  hotter  the  air,  the  more  water  can  be 
held  without  depositing.     (See  table  on  page  495.) 

"  Thus,  if  air  is  highly  heated  by  compression,  and  water  is  then 
admitted  to  it,  in  the  form  of  spray  or  injection,  it  will  take  up  much 
more  water  l)efore  becoming  saturated  than  it  could  have  held  before 
it  was  thus  heated.  Again,  if  air  under  compression  and  saturated 
with  vapour  is  allowed  to  expand,  a  large  quantity  of  such  vapour  will 
condense  and  freeze  into  snow,  thereby  giving  up  a  large  quantity  of 
heat  to  the  air,  which  air  is,  in  consequence,  cooled  less  than  it  would 
have  been  had  it  been  dr}'  air  to  start  with.  This  freezing  is  also  a 
serious  practical  evil,  from  the  deposition  of  ice  about  the  valves  and 
in  the  air  passages,  which  necessitates  frequent  stoppages  even  in  small 
machines. 

"  Various  means  have  been  devised  for  ridding  the  air  more  or 
less  completely  of  its  contained  moisture  by  employing  some  chemical 
material,  such  as  chloride  of  calcium  or  sulphuric  acid,  which  is  a 
l)()werful  absorbent  of  water.  But,  in  the  Autfior^s  opinion,  the  use  of 
surh  chemicals  as  are  known  to  him  is  inadmissible,  except  perhaps 
for  small  machines,  or  for  those  working  under  special  conditions, 
herause  of  the  trouble  which  would  be  experienced  in  changing  the 

*  *' Proceed injjs,  Institution  of  Mechanical  En g^iuu'cre/'  188 1. 
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^material  ami  evaiK)rating  off  the  water  it  has  absorhe*!,  so  as  to  render 
3t  again  fit  for  use." 

In  a  subsequent  paper  *  the  following  particulars  are  given  by  the 
same  authority  as  the  result  of  his  very  extensive  experience  in  the 
working  of  machines  of  this  class : — "  The  amount  of  aqueous  vapour 
present  in  the  atmosphere  varies  from  that  required  t<^  produce  satura- 
tion down  to  about  one-fifth  of  that  quantity.  At  any  given  tempera- 
ture a  volume  of  saturated  air  can  contain  only  one  definite  amount 
of  vapour  in  solution;  and  if  from  any  cause  additional  moisture 
be  present,  it  cannot  exist  as  vapour,  but  appears  as  water  in  the  form 
of  fog  or  mist  The  temperature  of  saturation,  or  dew  point,  varies 
according  to  the  quantity  of  vapour  in  solution ;  the  smaller  the  quan- 
tity, the  lower  being  the  dew  point.  The  capacity  of  air  for  holding 
moisture  is  also  aflFected  by  pressure,  a  diminution  in  volume  under 
constant  temperature  reducing  this  capacity  in  direct  proportion. 

"  In  the  former  paper  reference  was  made  to  various  means  that 
had  been  devised  for  ridding  the  air  more  or  less  completely  of  its 
contained  moisture,  in  order  to  obviate  as  much  as  possible  the 
practical  evils  resulting  from  its  condensation  and  freezing ;  this  being 
at  the  time  considered  one  of  the  most  important  points  in  the  con- 
struction of  cold-air  machinery.  Since  then,  however,  experience  has 
demonstrated  that  these  evils  were  much  exaggerated,  and  that  the 
condensation  of  the  vapour  and  deposition  of  the  moisture  in  the 
ordinary  cooling  process  after  compression,  which  is  common  to  every 
cold-air  machine,  are  amply  sufficient  to  prevent  any  serious  deposi- 
tion of  ice  about  the  valves  and  in  the  air  passages :  provided,  firstly, 
that  these  valves  and  passages  are  well  proportioned;  and,  secondly, 
that  proper  means  are  adopted  for  obtaining  in  the  coolers  a  deposi- 
tion of  the  condensed  vapour,  which  would  otherwise  pass  with  the 
air  into  the  expansion  cylinder  in  the  form  of  fog,  and  become  con- 
verted into  ice. 

"  Reference  to  the  table  (page  495)  shows  that,  if  the  compressed 
air  be  thoroughly  deprived  of  its  mechanically  suspended  moisture, 
the  amount  of  vapour  entering  the  expansion  (*ylin<ler  is  extremely 
small.  Another  matter  from  which  the  mysterv'  has  now  been  dispelled 
is  the  meaning  of  the  term  *  dry '  air,  so  much  used  by  the  makers  of 
cold-air  machinery;  this  being  a  point  that  was  just  touched  upon 
towards  the  close  of  the  discussion  upon  the  previous  paper.  No 
doubt  it  is  still  to  a  great  extent  popularly  supposed  that,  unless  the  air 
be  subjected  in  the  machine  to  some  special  dr}Ting  process,  it  will  be 
delivered  from  the  expansion  cylinder  in  a  moist  or  damp  state,  and  in 

♦  *•  Proceedings,  Institute  of  Mcchaniciil  Enjjineers/'  pp.  225,  226  ;    i88'»- 
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consequence  be  unfitted  for  use  in  the  preservation  of  perishable  food 
and  for  other  purposes.     But  no  such  state  could   really  exist;  fa 
whether  the  air  be  specially  *  dried  '  or  not,  its  humidity  when  delivered 
from  the  expansion  cylinder  is  precisely  the  same,  so  long  as  its  teoh 
perature  and  pressure  remain  the  same,  inasmuch  as  in  practice  it  is 
always  in  a  saturated  condition  for  that  pressure  and  temperature. 
The  diflFerence  lies  in  the  amount  of  ice  formed,  which  of  course  is 
greater  if  the  amount  of  moisture  entering  the  expansion  cyUnder 
is  greater;  but  this  quantity,  it  has  been  already  stated,  may,  in  the 
author's  opinion,  be  brought  down  within  perfectly  convenient  limits 
by  a  proper  construction  of  the  cooling  vessels.     In  his  latest  machines, 
therefore,  all  special  drying  apparatus  has  been  dispensed  with,  the  air 
being  simply  compressed,  passed  through  a  surface  cooler,  and  ex- 
panded back  to  atmospheric  pressure." 

The  invention  of  the  cold-air  machine  is  ascribed  to  Gorrie,  who  is 
said  to  have  designed  the  first  machine  of  this  class  in  1849.  In 
Gorrie's  machine  the  cooling  water  is  injected  into  the  ccwnpression 
cylinder,  and  brine  to  be  refrigerated  or  cooled  into  a  jacket  surround- 
ing an  expansion  cylinder.  His  apparatus  consists  essentially  of  a 
double-action  pump  or  compressor,  a  cooler  connected  with  a  com- 
pressed air  vessel  or  resen-oir,  and  a  jacketed  auxiliary  pump.  The 
operation  of  the  machine  is  as  follows:  Water  is  injected  into  the 
compressor  cylinder  at  each  stroke,  on  the  side  of  the  piston  on  which 
condensation  or  compression  is  taking  place.  The  compressed  air 
is  then  led  through  a  worm  or  coil  in  the  cooler  to  the  compressed 
air  vessel  or  reservoir,  from  whence  it  is  admitted  to  the  auxiliary 
pump,  which  latter  is  driven  by  the  expansion  thereof.  Through 
the  jacket  surrounding  this  auxiliary  pump  a  circulation  of  brine  or 
other  non-congealable  fluid  is  maintained,  which  brine  is  cooled 
by  the  expansion  of  the  air  in  the  pump  cylinder,  and  which  in  turn 
reduces  the  temperature  of  an  ice-making  tank  situated  above  the 
latter  to  the  requisite  degree. 

Imperfect  cooling  of  the  air  after  compression,  combined  with  the 
damp  condition  of  the  air,  caused  the  failure  of  this  machine  to  act  in 
a  satisfactory  manner. 

The  next  advance  was  made  by  Dr.  Alexander  Kirk  in  1863.  Dr. 
Kirk's  machine  has  three  cylinders,  viz.,  one  for  compressing  the  air 
and  two  for  the  expansion  thereof,  all  three  of  which  have  reciprocating 
motion  imparted  to  their  pistons  by  a  single  crank.  One  of  the 
expansion  cylinders  is  connected  to  each  end  of  the  compressor,  thus 
actually  forming  two  distinct  systems.  The  pistons  of  the  expansion 
'  are  hollow  and  are  perforated  by  a  number  of  small  holes, 
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and  fitted  internally  with  filters  consisting  of  several  layers  of  very  fine 
wire  gauze,  the  reciprocating  action  of  the  pistons  alternately  causing 
air  to  pass  through  these  perforations  and  filters,  and  drawing  back 
the  air. 

The  operation  of  the  machine  is  as  follows : — The  air  is  com- 
pressed between  the  piston  of  the  compressor,  during  its  stroke  in  one 
direction,  and  one  of  the  expansion  cylinder  pistons,  the  heat  of  com- 
pression being  carried  off  by  a  suitable  water-jacket  provided  round 
the  expansion  cylinder.  On  the  descent  of  the  expansion  piston, 
the  air  passes  through  the  perforations,  parting  with  some  more  of  its 
heat  whilst  traversing  the  sheets  or  layers  of  wire  gauze,  and  finally 
expanding  in  the  upper  portion  of  the  cylinder  and  performing 
work  up>on  the  descending  piston.  The  cold  air  is  caused  to 
abstract  heat  from  brine  which  circulates  round  the  top  cover  of  the 
expansion  cylinder,  and  through  a  number  of  hollow  corrugations. 
The  oi>eration  of  the  second  or  other  expansion  cylinder  which  is 
connected  to  the  opposite  end  of  the  compression  cylinder  is,  of  course, 
identical. 

This  machine  can  be  worked  up  to  a  pressure  of  200  lbs.  per  square 
inch,  and  a  temperature  of  —39°  Fahr.  has  been  obtained. 

In  1869  a  cold-air  machine  adapted  to  compress  air  in  stages  was 
invented  by  Marchant.  In  his  apparatus  the  air  passes  first  into  one 
cylinder,  wherein  it  is  compressed,  and  is  then  exhausted  into 
another  cylinder  of  smaller  dimensions  in  which  it  is  still  further 
compressed. 

Giffard's  first  (1873)  machine  is  so  arranged  that  the  air  mingles 
in  the  compression  cylinder  with  sprayed  water,  which  becomes 
vaporised  by  the  heat  of  compression,  and  renders  the  heat 
latent.  The  discharge  valve  from  the  expansion  cylinder  is  heated 
in  the  piston,  and  is  so  adjusted  that  it  will  open  automatically 
upon  the  pressure  in  the  cylinder  falling  below  a  predetermined  point, 
the  air  then  passing  through  to  the  other  side  of  the  piston,  and  after- 
wards to  the  refrigerator. 

In  the  same  year  (1873)  Postle  designed  a  machine  which  was 
practically  a  modification  of  Kirk's  cold-air  machine.  As  in  the  latter 
'the  compression  cylinder  is  connected  at  each  end  to  an  expansion 
cylinder,  but  the  pistons  of  the  expansion  cylinders,  which  are  each 
composed  of  an  upper  part  of  smaller  diameter  and  a  lower  part  of 
larger  diameter,  are  so  arranged,  that  when  the  cc^mpressor  piston 
starts  upon  its  stroke  in  either  direction,  the  valve  connected  with 
that  end  of  the  compressor  is  forced  upon  its  inner  seat,  and  the  air 
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pressure  moves  that  particular  expansion  piston  to  the  inner  end  of 
its   criinder.    the   valve   bong   opened    outwardly,    however,  before 
the  end  of  its  stroke  by  its  projectii^  spindle  striking  against  tk 
inner  cylinder  end,  and  the  latter  part  of  the  compression  taking  place 
in  a  small  space  cooled  by  a  water-jacket,  and  wherein  the  heat  of 
compression  is  carried  off.     Upon  the  reverse  stroke  of  the  piston 
the   valve   is   raised   against   its  outer   seat   by   the    current  of  air 
passing  through  the  drciunscribed  passage  around  it,  and  a  partial 
vacuum  having  been  formed  above  the  small  portion  of  the  expanaoD 
piston,  the  latter  is  moved  outwardly  by  the  unbalanced  pressure  in 
the  expansion  cylinder,  the  cooled  compressed  air  passing  through  the 
piston  to  the  inner  portion  of  the  cylinder. 

Similarly,  however,  to  the  action  on  the  inward,  the  valve  is 
opened  before  the  end  of  the  outward  stroke  of  the  piston  by  the 
other  extremity  c»f  its  spindle  coming  in  contact  with  the  top  of  the 
cylinder,  but  this  time  outwardly,  and  the  air  in  the  inner  portion  is 
thus  expanded,  and  at  the  same  time  performs  work  on  the  compressor 
piston.  The  air  reduced  in  temperature  during  expansion  cools  brine 
circulating  through  a  jacket  which  also  forms  the  inner  cylinder  head 
of  both  expansion  cylinders,  the  latter  being  placed  end  to  end. 

The  great  improvement  in  this  machine  is  that  the  bulk  of  the 
compression  is  perf<»rme«l  during  the  period  wherein  the  compressor 
is  in  connection  with  the  water-cooled  spaces,  and  most  of  the 
expansion  whilst  the  compre>sor  is  exhausting  from  the  spaces 
in  contact  with  the  brine  circulation. 

A  veiy  decided  advance  was  next  made  by  Windhausen,  for  whose 
improved  cold-air  machine  a  German  patent  was  granted  about  this 
time.  The  characteristic  feature  of  his  apparatus,  is  the  improved 
method  by  which  the  air,  that  had  become  heated  by  compression, 
is  first  coc)led  in  a  series  of  condensers  or  coolers  by  means  of  a 
circulation  of  cold  water,  and  is  then  passed  into  a  chamber  where 
expansion  or  dilation  takes  place  behind  a  piston.  That  is  to  say, 
in  pcjint  of  fact  expansion  is  effected  by  the  simultaneous  action  of 
the  machine  before  the  air  is  utilised  for  refrigerating  purposes. 

The  original  Windhausen  cold-air  apparatus  is  shown  in  plan  and 
side  elevation  Figs.  104  and  105,  by  which  the  principle  of  the 
machine  is  sufficient! v  clearlv  illustrated  to  render  an  extended  de- 
scription  thereof  unnecessary.  On  the  drawing,  a  indicates  the  com- 
pression cylinder,  b  the  expansi(m  cylinder,  c  the  steam  engine  or  other 
motor  for  operating  the  machine,  and  d,  d',  d%  the  condensers  or 
coolers  through  which  a  constant  current  of  cold  water  is  maintained 
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lor  cooling  purposes.  The  cylinders  A  and  B  are  arranged  tandem 
fishion,  and  are  wotkej  simultaneously  from  the  engine  crank-shaft  e, 
tlirough  the  crank  e',  and  connecting  rod  f. 

The  air  enters  the  compression  cylinder  a  through  the  inlet  a',  as 


indicated  by  the  arrows,  and  after  compression  the  current  passes 
through  the  pipe  a'  to  the  first  condenser  or  cooler  u,  from  which  it  is 
conducted  successively  to  the  coolers  d'.  d',  and  from  the  latter  to  the 
expansion  cylinder  b,  as  shown  by  the  arrows. 


J 
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Within  the  coolers  or  condensers  r    d     o     are  arranged  a  ; 
of  pipes  through  which  the  blast  passes  and  around  whjch  a  con 


circulation  of  cold  water  is  kept  tip,  the  latter  entering  the  coc 

at  a  suitable  inlet,  and  flowing  through  the  coolers  in  the  op 
direction  to  the  compressed  air.     A  portion  of  the  heat  that  has 
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imparted  by  compression  is  thus  extracted,  and  the  compressed  air, 
which  is  at  a  temperature  only  a  few  degrees  above  that  of  its  natural 
state,  is  led  into  the  expansion  cylinder  b,  wherein  the  expansion  is 
effected  under  a  gradually  decreasing  pressure,  which  latter  is  auto- 
matically regulated  by  valves  operated  by  the  simple  expansive  force 
of  the  compressed  air  itself. 

Were  the  air  to  be  dilated  to  its  normal  volume  it  is  clear  that  an 
ajnount  of  heat  equal  to  that  which  has  been  abstracted  or  taken  up  by 
the  cold  water  in  the  coolers  would  be  required ;  as  this,  however,  can 
l3e  only  partially  returned  by  the  small  volume  of  air  within  the  expan- 
sion cylinder,  a  low  degree  of  temperature  is  immediately  obtained, 
-which  is  more  and  more  reduced  with  each  strojce  of  the  compressor,  as 
the  original  air  in  the  expansion  cylinder  is  replaced  by  the  cooled 
compressed  air. 

From  the  compression  cylinder  b  the  air  is  conducted  to  the  space 
to  be  cooled,  escaping  with  a  velocity  sufficient  to  admit  of  the  current 
being  conducted  for  300  ft.  through  a  channel  2  ft.  in  diameter,  the 
temperature  at  the  orifice  of  the  latter  being  from  —  30°  to  —  35° 
Fahr.,  or  from  62°  to  67°  of  frost  It  has  not  been  found  advisable 
however,  in  practice,  to  employ  a  conduit  of  this  excessive  length. 

In  the  apparatus  shown  the  dimensions  of  the  compression  cylinder 
are  such  that  at  each  stroke  of  the  piston  35  cubic  ft  of  air,  and  at 
every  complete  revolution  of  the  engine  70  cubic  ft  of  air,  are  com- 
pressed, being  reduced  to  the  extent  of  from  two-and-a-half  volumes  to 
one  volume,  or  to  a  pressure  of  35  lbs.  per  square  inch;  thus,  at  a 
speed  of  36  revolutions  per  minute,  over  150,000  ft.  of  cubic  air  will 
be  compressed  per  hour. 

From  actual  experiments  it  was  found  that  with  the  air  entering  the 
compression  cylinder  at  a  temperature  of  80°  Fahr.,  it  rose  after  com- 
pression to  205**,  thus  giving  a  gain  of  125*^,  inasmuch  as  this  accjuired 
heat  is  subsequently  got  rid  of  in  the  condensers  or  c(X)lers  and  expan- 
sion cylinder;  and  an  atmosphere  is  thus  obtained  which,  whilst  under  a 
tension  of  two-and-a-half  atmospheres,  is  almost  at  the  same  tempera- 
ture as  the  air  previous  to  treatment,  the  expansive  force,  and  effect,  of 
a  volume  two-and-a-half  times  larger,  being  at  the  same  time  retainer  1. 

Fig.  106  is  a  vertical  central  section  illustrating  a  mcKlified  arrange- 
ment of  Windhausen's  cold-air  machine,  wherein  a  single  cylinder  is 
used  for  compression  and  expansion,  the  air  being  condensed  or  com- 
pressed at  one  side  of  the  piston,  and  expanded  on  the  other.  Two 
coolers  are  provided,  situated  in  the  bed  of  the  machine,  one  of  which 
is  cooled  by  a  circulation  of  cold  water,  and  the  Other  by 
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tA  ih  r  rntnpreaed  aii.     The  nfrigoator  is  sitDMed  abcve  the  o 
sing  aiuJ  expaiuion  cvIuiriH',  and  receives  ilie  expuMbng  air  Um  d 
expantion  side  of  tbe  ryHnicr  tbruogh  a  tempnxluie  regnUur. 

In  the  drawing  a  is  the  comprewiop  side  of  tbe  cjrliDdcT.  and  ■ 
tbe  expansion  side  [hereof ;  c  is  tbe  ptston,  which  is  fonned  hone*  it 
fUled  with  non-conductiog  matenal  c' ;  i>~a  tbe  cooler,  through  wbit 
3  circulation  of  coM  vater  is  kepi  coostaatly  flowing,  and  whidi 
connected  to  the  compression  side  4  of  the  cylioder  through  the  pi 
or  tube  ti'  and  \3\ve  D*,  and  E  is  the  second  cooler,  which  is  c 
to  the  6rst  cooler  i>,  and  to  which  a  certain  amount  of  the  expaodg 
compressed  air  from  the  expansion  side  of  the  pamp  is  admitted  I 
cooling  purposes.  The  tubes  in  both  the  coolers  d  and  x,  t 
which  the  fompressed  air  passes  from  the  compression  side  i 

\ 

^1        cylinder,  communicate  through   ihe  pipe  or  lube  e'  ; 

^P        the  expansion  side  b  ihereor. 

7  is  the  ice-making  tank  or  refrigerator,  and  c,  g,  ! 
case..  The  icemaking  tank  f  consists  of  a  double-cased  rectanguio) 
wiHxIen  liox  or  vessel,  the  spaces  Iietween  the  outer  and  inner  cases  0 
which  are  5lle'1  or  parkeil  with  loose  cotton,  or  other  suitable  non 
ciinducior  of  hi-ai.  The  ciiver,  which  is  formed  of  a  single  thicknea 
of  wood,  is  pierced  with  holes  in  which  are  fixed  metallic  cases  oi 
pockets  for  receiving  the  ice-cans  k.  t\  f',  are  zig-zag  partitions  i 
rangeil  between  the  rr>ws  of  ice-cans,  so  as  to  cause  the  air  to  come  fullj 
into  contact  with  the  metallic  cases  ur  pockets  supporting  them, 
an  iniiia-rubber  bag,  which  acts  to  maintain  an  uniform  pressure  w 
the  icemaking  tank  or  refrigerator  f,  by  aiimiliing  or  giving  out  ! 
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accordance  as  to  whether  the  pressure  happens  to  be  al)ove  or  below 
4at  of  the  atmosphere,     i  is  a  valve  which  is  open  during  the  entire 
compressing  stroke  of  the  piston  c,  and  which  communicates  through 
a  suitable  pipe  or  tube  with  the  temj)erature  regulator,  from  which 
a  portion  of  the  expanding  air  passes  to  the  ice-making  tank  or  refri- 
gerator through  a  tube  communicating  therewith  through  the  aperture 
F*,  the  remainder  being  delivered  through  another  pipe  or  tube  to  the 
space  round   the  compressed  air  tubes  in  the  cooler  e,  through  the 
aperture  or  orifice  e*,  with  which  latter  space  the  ice-making  tank  or 
refirigerator  is  likewise  connected  through  a  suitable  pipe  or  tube,  and 
the  apertures  r*,  e*. 

The  temperature  regulator  and  pipes  or  connections  are  situated  at 
the  rear  of  the  apparatus,  and  are  not  shown  in  the  drawing.  The 
compression  side  a  of  the  cylinder  is  also  connected  with,  and  derives 
its  supply  of  air  from,  the  expanded  air  space  in  the  cooler  e  through 
a  suitable  pipe  opening  into  the  latter  at  l*,  and  communicating  with 
the  former  through  the  valve  k. 

The  operation  of  the  apparatus  is  as  follows,  that  is  to  say :  The 
piston  c,  during  its  forward  or  compression  stroke,  compresses  the 
air  contained  in  the  compression  side  a  of  the  pump  cylinder,  and  under 
the  pressure  of  this  air  the  valve  d'^  opens,  and  the  latter  passes 
through  the  pipe  or  tube  d*  to  the  water-cooled  tubes  of  the  first  cooler, 
t),  from  which  it  then  passes  to  the  air-cooled  tubes  of  the  second 
cooler  E.  The  cool  compressed  air  next  flows  into  the  pipe  or  tube  e', 
and  is  admitted  through  the  valve  E*to  the  expansion  side  b  of  the  pump 
cylinder  during  a  portion  of  the  stroke,  when  the  said  valve  t-  is  closed, 
and  the  air  expands  in  the  said  chamber  b  during  the  remainder  of  the 
stroke.  The  cooled  and  expanded  air  flows  out  of  the  expansion 
chamber  b  through  the  valve  i,  during  the  entire  return  or  back  stroke 
of  the  piston  c,  to  the  temperature  regulator,  from  whence  a  portion 
af  it  passes  to  the  ice-making  tank  or  refrigerator  f,  and  the  remainder 
to  the  space  round  the  compressed  air  tubes  in  the  second  cooler  e. 
On  the  return  or  back-stroke  of  the  piston  c,  the  air  in  the  space 
round  the  tubes  in  the  second  cooler  e  is  drawn  or  sucked  into  the 
compression  chamber  a  through  the  inlet  valve  k. 

The  improvements  introduced  into  cold-air  machines  in  1877  by 
Bell-Coleman  added  very  considerably  to  their  practical  value.  This 
invention  comprises  suitable  means  for  cooling  the  air,  both  in  and  as 
it  leaves  the  compressor,  by  spray  or  jets  of  water,  and  also  for  drying 
it  again  before  it  is  passed  into  the  expansion  cylinder.  The  latter 
object  is  effected  by  causing  it  to  flow  through  a  set  of  coils,  or  pipes, 
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situated  in  the  chamber  cooled  by  the  machine ;  or  by  providing  fa 
exposing  these  pipes  to  a  current  of  the  used  or  spent  air  passing  oat 
from  the  chamber. 

On  leaving  the  compressor  the  moist  air  is  first  passed  through 
a  chamber  with  perforated  diaphragms,  and  is  then  conducted  to  the 
expansion  cylinder  through  coils  or  pipes  which  have  a  very  extended 
surface,  and  are  cooled  on  the  exterior  to  a  lower  temperature  than 
that  of  the  cooling  water,  thus  still  further  reducing  the  temperature  of 
the  air,  and  inducing  a  deposition  of  moisture. 

A  great  objection  to  this  system  of  cooling  by  internal  injection  is 
the  loss  occasioned  by  the  saturated  condition  in  which  the  air,  even 
when  employed  continuously  over  and  over  again,  is  constantly  de- 
livered to  the  machine. 

In  1877  GifFard  also  greatly  improved  his  (1873)  machine,  and 
brought  it  to  the  form  shown  in  Fig.  107.  In  the  drawing  (which  illus- 
trates the  apparatus  in  side  elevation,  some  of  the  parts  being  shown 
in  vertical  central  section)  a  indicates  the  compression  cylinder  and  b 
the  expansion  cylinder,  which  are  both  of  the  single-acting  type,  and 
open  at  their  upper  ends  ;  c  is  the  condenser  or  cooler.  The  inlet  and 
outlet  valves  to  the  expansion  cylinder  B,  as  also  the  inlet  valve  to  the 
compression  cylinder,  which,  as  shown  in  the  drawing,  are  situated  in 
the  lower  ends  to  these  cylinders,  are  actuated  through  cams  upon  the 
shaft  of  the  machine.  The  outlet  valve  from  the  compression  cylinder 
A  governs  the  deliver)-  of  the  compressed  air  to  the  low^er  end  of  the 
condenser  or  cooler  c,  wherein,  after  passing  through  top  and  bottom 
chambers  or  spaces  and  a  central  series  or  set  of  vertical  water-cooled 
tubes,  it  is  delivered  through  a  suitable  pipe  to  the  inlet  valve  of  the 
expansion  cylinder,  from  which  latter,  after  doing  work  upon  the  ex- 
pansion piston,  during  its  upward  stroke,  it  is  discharged  during  its 
return  or  downward  stroke  through  the  outlet  valve  (shown  on  the 
right-hand  side)  and  led  away  through  a  suitable  pip>e  to  perform  its 
cooling  office  where  desirerl  The  compression  cylinder  A  is  jacketed, 
and  the  heit  generated  during  compression  removed  as  far  as  possible 
l)v  a  circulation  of  cold  water. 

In  operation  the  air  which  enters  the  compression  cylinder  a 
through  the  inlet  valve  (shown  on  the  right-hand  side)  is  first  com- 
pressed up  to  the  normal  pressure  existing  in  the  condenser  or  cooler 
c,  when  the  outlet  valve  lifts  and  admits  of  its  being  passed  into  the 
latter,  wherein  it  is  cooled  and  dried  by  contact  with  the  water-cooled 
tubes.  The  valve  regulating  the  admission  of  compressed  air  to  the 
expansion  cylinder  B  is  so  arranged  that  it  will  admit  to  the  latter  an 
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'  UnouQl  of  air  equal  lo  that  wliich  is  being  forceiJ  into  the  condenser 

or  cooler  C  during  the  tlownward  or  compression  stroke  of  the  compres- 

r  piston,  thus  teniiing  lo  maintain  an  equality  of  pressure  in  the 


condenser.  The  pistons  are  thus  (-onstanilv  ninving  in  opposite  direc 
lions,  that  of  the  expansion  eyiinder  being,  howevt^r.  a  quarter  stroke 
in  advance  of  that  of  the  compressor.     During  the  upward  stroke  of  the 
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expansion  piston,  the  inlet  valve  from  the  condenser  or  cooler  c 
(shown  on  the  left-hanr]  side)  remains  closeH.  ihe  expanding  air  pet- 
forming  a  portion  of  the  work  of  driving  the  machine;  whilst  on  the- 
down  stroke  the  outlet  or  exhaust  valve  (shown  on  the  right-hand  side) 
opens,  so  as  to  admit  of  the  cooled  air  passing  through  the  discharge 
pipe,  by  which  it  is  led  away,  as  above  mentioned,  to  p^fonn  its  cool- 
ing or  refrigerating  office  where  required. 

A  form  of  cold-air  machine  was  designed  by  Hargreaves  and  Inglis 
in  1878,  wherein  they  dispensed  with  the  use  of  separate  compression 
and  expansion  ryiinders,  employing  instead  a  single  cylinder  having  two 
pistons  connected  hy  means  of  a  trunk.  The  inlet  and  outlet  valves, 
which  are  of  ihe  Oirliss  pitlern,  are  arranged  to  be  operated  through 
suitable  eccentrics  on  the  main  shaft  of  the  marhine. 

In  Tutlle  and  Lugo's  machine  the  air  is  forced  after  compression 
through  a  set  or  series  of  tubes  in  a  cylindrical  or  tubular  chamber  or 
vessel,  which  is  cooled  by  a  constant  circulation  of  cold  water,  and 
through  a  similar  set  of  tubes  in  a  chamber  or  vessel,  wherein  the  latter 
are  surrounded  by  a  volatile  liquid.  After  leaving  this  second  vessel 
the  air  is  allowed  to  expand  into  the  refrigerator  or  ice-making  tank, 
rising  through  some  such  volatile  liquid  as  ether  or  bisulphide  of 
carbon,  which  is  placed  in  the  bottom  of  the  latter,  and  the  air  and  the 
vap(.«ir  from  the  volatile  liquid  fill  the  interior  of  the  refrigerating 
chamber  surrounding  the  ice-can?  or  cases,  and  freeze  or  congeal  the 
water  therein.  A  bye-pass  is  also  provided  through  which  the  com- 
pressed air  can  be  conducted  direct  to  the  ice-making  tank  or  refri- 

Lugo  and  McPherson's  apparatus  comprises  a  blower,  the  air  from 
which  is  forced  through  a  cooler  consisting  of  a  chamber  filled  with 
some  suitable  porous  material  kept  salurateil  with  water.  The  cooled 
air  is  then  passed  intt>  a  compressor,  th-  upper  part  of  which  is  kept 
full  of  water,  which  sen-es  to  keep  it  cool  and  also  to  prevent  leakage 
of  the  air  past  the  piston.  From  the  compressor  the  air  is  led 
to  a  cooler,  and  from  this  to  a  compressed  air  reservoir  or  vessel,  from 
which  latter  it  is  in  turn  admitte.l  to,  and  allowed  to  expand  in,  the 
interior  of  a  large  ice-making  tank  or  chamber,  having  non-conducting 
wails  and  rails  for  cars  carrying  the  ice-cans  or  cases.  The  piston  of 
the  compressor  is  worked  hy  La  Hire's  epicycloidal  device. 

Hick  Hargreaves'  machine  is  of  the  double-acting  horizontal  type, 
water  being  injecteil  into  the  compressor  at  each  stroke  for  cooling 
purposes.  After  compression  it  is  passed  through  a  series  of  re- 
ceivers wherein  the  watery  particles  carried  over  are  deposited,  after 
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which  it  flows  into  the  expansion  cylinder,  in  which  it  is  expandel 
down  to  the  pressure  of  the  atmosphere.  Corliss  cutoflf  gear  is 
fitted  to  the  inlet  valves  of  the  expansion  cylinder.  A  large  snow-boi 
is  provided  in  the  air-trunk,  fitted  with  baffle  or  check-plates  for 
arresting  the  snow,  which,  as  the  air  enters  the  expansion  cylinder 
fully  saturated  with  moisture  for  its  temperature  and  pressure,  becomes 
rapidly  filled  with  snow,  and  requires  to  be  frequently  cleared  out. 

SteverLson's  cold-air  machine  is  also  of  the  horizontal  pattern. 
The  compression,  expansion,  and  steam  cylinders  having  their  pistons 
coupled  to  a  single  crank-shaft.  The  compression  and  expansion 
cylinders  are  single-acting,  and  are  arranged  to  face  each  other, 
their  pistons  being  coupled  by  means  of  X-^eaded  rods,,  which  form 
vertical  guide  bars,  between  which  is  arranged  to  slide  a  motion  block 
flriven  by  the  crank-shaft,  and  thus  to  impart  the  requisite  reciprr:- 
cating  motion.  The  steam  engine  is  either  single-acting  and  of  the 
tnmk  type,  or  of  the  simple  high-pressure,  condensing,  or  compound 
type. 

Sturgeon's  horizontal  pattern  machine  is  so  constructed  that  the 
compressed  air  is  delivered  into  a  cooler  formed  of  sets  of  tubes 
surrounded  by  a  circulation  of  cooling  water,  whereby  its  temperature 
is  partially  reduced,  and  it  is  afterwards  caused  to  pa.ss  through 
some  absorbent  material,  such  as  charcoal,  before  admission  into  the 
expansion  cylinder. 

In  t88o  Haslam  (Sir  Alfred  Seale  Haslam)  brought  out  a  cold-air 
machine  of  the  type  usually  known  as  dry  air  refrigerators,  which 
comprises  certain  ver\'  important  improvements  on  the  Bell-Coleman 
lvi)e  of  machine,  and  which  had  the  effect  of  rendering  it  one  of, 
if  not  the  most  successful  machines  of  this  class  hitherto  designed. 

Figs.  108,  109,  1 10  are  perspective  views  illustrating  three 
different  cold-air  machines  of  the  Haslam  type. 

That  shown  in  Fij;.  108  is  of  the  horizontal  pattern,  and  is  made  in 
sizes  adapted  to  deliver  from  jo.ooo  to  30,000  ft.  of  air  per  hour. 
Compound  duj)licated  horizontal  machines  of  heavier  build  are, 
however,  also  constructed,  in  sizes  adapted  to  deliver  from  35,000  to 
300,000  ft.  of  air  per  hour.  The  apparatus  is  driven  by  a  compound 
condensing  engine,  and  this,  together  with  the  air-compressing  and 
expansion  cylinders,  and  the  re^juisite  water-pumps,  are  all  mounted 
upon  a  cast-iron  bed  frame,  of  hox  section,  cored  out  to  receive  the 
air-cooler,  engine,  surface  condenser,  and  air-pump.  This  combination 
of  the  condenser  casing  with  the  refrigerator  forms  a  foundation  for  the 
bed-plate  of  the  steam  engine.     The  feed  pumps  are  bolted  on  to  the 
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*'   tiile  of  the  beil,  anJ  are  <]riveii  from  an  overheaJ  rocking  shaf 
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likeivise  works  the  air-pump.     Variable  cut-off  gear  is  fitted 
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tbe  fceam  c^Hnder  anbi  the  air-expansioo  cyliiider,  and  the  pistons  d 
boch  :be  compreS(r>r  irvi  expanskn  cyfindefs  are  diiecthr  coupled  to 
uil-rods  from  the  steam  cylinder  ptscoosw  By  locadng  the  inlet  and 
oodec  Olives  in  the  cyEzkier  coveis  ther  are  rendered  verr  easy  to  g^ 
at  for  repairs  aiki  other  purposes^  The  height  of  this  machine  is 
siKh  as  DO  adizirt  of  its  hieing  coofenieptly  placed  *^  between  decks '  of 
steamers. 

The  patent  diagooal  pattern  marhirie  (Fig.  109)  is  made  of  smaller 
sizes,  viz..  to  deliver  from  iojooo  to  12,000  cid>ic  fL  of  air  per  hour, 
and  vhere  a  machine  of  still  smaller  c^Mcitr  is  required,  one  of  the 
venical  pattern,  such  as  that  shovn  in  Fig.  1 10,  is  preferably  used,  the 
latter  machines  being  constructed  of  sizes  to  d^Ter  from  2,000  to  6/)oo 
cubic  ft.  per  hour.  In  the  diagonal  pattern  machine  the  compound 
high  and  low  pressure  steam  cylinders,  and  the  air  compressor  cylinder. 
are  placer]  on  the  top  of  the  bed,  the  air  expanson  cylinder  is  located 
at  the  en«i,  ami  the  water,  air,  and  feed  pumps  are  bc4ted  to  the  side 
thereof. 

The  be^i  is,  as  will  be  seen  from  the  illustration,  of  massive  box 
section,  and  is  suitably  cored  out  to  receive  the  water-cooler  tubes,  the 
conden.ser  tubes,  and  the  patent  drying  pipes,  and  it  likewise  supports 
the  main  rrank-shaft  bearings.  The  condenser  tubes  are  fixed  in  posi- 
tion by  means  of  screwed  ferrules,  and  the  air  cooler  tubes  and  dning 
pipes  are  secured  in  tube  plates  by  expanding  the  ends  in  the  usual 
manner.  The  several  tube  plates  are  provided  with  covers  haWng  ribs 
arranged  for  the  proper  circulation  of  air  and  water.  As  will  be  seen, 
the  machine  is  peculiarly  compact  and  self-contained,  and  the  air-pump 
is  arranged  vertically,  and  is  worked  through  a  X"^^  from  an  eccen- 
tric on  the  crank  shaft. 

The  t\-pe  of  machine  illustrate  J  in  Fig.  no  occupies  but  little  floor- 
space,  and  its  height  allows  of  its  location  "  between  "  decks  of  small 
steamers  and  yachts.  The  steam  cylinder,  air-compression  cylinder, 
and  expansion  cylinder,  are  mounted  vertically  upon  cast-iron  standards, 
which  latter  are  securely  bolted  to  a  cast-iron  bed  of  hollow  box  section, 
supporting  the  crankshaft  bearings  and  containing  the  air  cooler,  and 
the  water-pump  is  bolterl  to  the  base-plate  and  worked  vertically  from 
a  crosshead-pin. 

The  crank-shaft,  valve-ro<ls,  and  connecting-rods,  are  of  mild 
forged  steel,  and  the  slides  are  of  the  open  type,  and  easily  accessible.  A 
prmion  of  one  of  the  cast-iron  standards  is  made  loose  so  as  to  admit 
of  the  crank  being  readily  removed  when  desired. 

The  above  machines  all  have  double-acting  cylinders.  The  compres- 
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sor  of  the  first,  or  water  injection  type  is  employed,  the  above-men- 
tioned cooler  is  dispensed  with,  and  a  separate  water  tower  is  provided. 
After  b^ng  cooled  in  the  ordinary  way  by  water,  the  temperature  of  the 
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romcriasefi  air  ia  sail  farther  re»luiced  by  passing  it  through  an  into. 
chancer.  wb«*rttn  h  a  jcb  «erteri  to  the  cooliiig  action  of  either  the  ipet 
rrAii  air  Lea^ln^  the  encr.-.rsef  ^)ace  or  chamber  where  it  has  been  iini 
i'X  c-oiLi^  pcrp:-«es-  or  eise  .t  the  cold  air  as  it  passes  cMit  of  the  eipaa- 
sioc  cyiini^er.     In  the  t.ivl  isscance  separate  boxes  containing  the  chyii^ 
p«tK»  are  ^j-iZ'-utd  Insiie  the  roW  chamber,  in  the  second  case  the 
6*v:re  is  £t:*i  in  the  K-repart  of  the  bei  of  the  machine ;  the  advantage 
'ierrved  rVjm  both  these  arrangements  is  that  a  further  condensation 
and  d*fc«ir;oa  of  nKisarre  are  therebir  effected.     The  exhaust  vahes 
of  the  expansion  cylin.^er  are  separate  from  the  admission  valves,  and 
vhey  are  so  designed  as  to  afford  as  few  obstacles  to  the  free  passage  of 
the    air    there-thnx^h    as    practicable:     Marine     t\-pes    of    cold-air 
machines  marie  by  this  £rm  will  be  found  described  and  illustrated  in 
the  rhapter  on  Marine  Refngeration. 

In  the  same  year  f  i88o»  Lightfooc  introduced  an  improved  machine, 
wherein  the  expansion  is  performed  in  two  stages.  The  advantage  of 
this  arrangement  is  that  during  the  first  stage  of  expansion  the  air  can 
hie  maiie  :-  •  riepo^it  most  of  its  moisture,  after  which  the  dry  air  is 
further  expanse i  until  it  attains  the  required  temperature  and  pres- 
sure. 

The  r.pera:'.'  ^n  of  Lightfr^^^ts  machine  is  as  follows : — The  com- 
pressei  air.  wh:;h  is  paniaily  cooled,  and  which  when  direct  atmos- 
pheric air  is  err.r !« 've^i  is  always  in  a  condition  of  saturation  correspond- 
ing to  i-s  temperature  and  pressure,  is  first  passed  into  a  small  primary 
expansi^»n  r\I:n.:er.  wherein  it  Is  expaikjed  beneath  a  piston  to  a  jwes- 
sure  that  w\]]  ;rive  a  final  temperature  of  about  35^  Fahr.  By  this 
means  aim*  >st  the  whole  <'>f  the  vapour  held  in  suspension  in  the  air  is 
condense  1,  and  in  the  form  of  mist  is  discharged,  together  with  the  sur, 
into  a  separator,  upon  the  surfaces  of  which  the  mist  is  deposited 
in  the  form  of  water,  and,  falling  to  the  bottom,  is  drawn  off.  From 
this  separator  the  driej  air.  which  is  still  at  a  considerable  pressure, 
is  conducted  to  the  second  expansion  cylinder,  in  which  latter  it  is 
expande^J  down  to  the  pressure  of  the  atmosphere,  and  passed  out  cold 
and  practically  free^i  from  moisture. 

The  following  table*  gives  the  calculated  relative  amounts  of 
vapour  condensed  and  deposited  in  the  various  stages  of  cooling,  with 
a  machine  on  the  Lightfoot  system,  capable  of  delivering  15,000 
cubic  ft.  of  cooled  air  per  hour,  and  dealing  with  air  in  a  tropical 
climate,  having  an  initial  temperature  ot  90^  Fahr.,  and  fully  saturated 

with  vapour : — 

•  *'  Proceedings,  Institution  of  Mechanical  Engineers,**  1881. 


Per  hour. 

Per  cent. 

45-36 

lOO-OO 

7410 

20*40 

205 

4380 
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Lbs. 
^Ul  amount  of  vapour  enteriag  with  the  air . 

^posited  as  water  in  the  cooler 33 '61 

^posited  as  water  after  first  expansion                            .9-26 
^^charged  as  ice  in  cooled  air 0*93 

Balance,    being   residual    vapour    still    existing  in 
cooled  air 1-56  3*45 

Fig.  1 1  r  is  a  vertical  central  section  through  the  air  compression 
k1  expansion  cylinders,  and  the  valves  of  one  of  the  Lightfoot  pattern 
cold-air  machines,  which  may  be  classed  amongst  those  which  have 
forded  satisfactory  results,  as  far  at  least  as  the  cold-air  system  is 
►ncemed.  a  is  the  compressor,  which  is  of  the  double-acting  type; 
id  B  is  the  expansion  cylinder,  which  is  of  the  single-acting  type. 

The  cylinders  a  and  b,  which  are  arranged  fandem  style  or  fashion, 
"id  have  a  common  piston-rod,  are  placed  close  together,  sufficient 
earance  being  left,  however,  to  permit  of  the  inspection  or  examina- 
on  of  the  pistpns  being  conveniently  effected.  An  advantage  of  this 
rrangement  is  that  the  coldest  portion  of  the  expansion  cylinder  is 
laced  at  a  distance  from  the  hottest  end  of  the  compressor. 

The  air-valves  are  circular  slides  formed  of  phosphor  bronze,  and 
re  operated  by  eccentrics  in  the  ordinary  manner.  The  advantages 
laimed  for  this  type  of  valve  are,  that  they  admit  of  the  parts  being 
ormed  very  short  and  direct,  are  perfectly  noiseless  in  action,  and  allow 
»f  a  high  piston  speed  being  used  without  any  injurious  results.  They 
iJe  said  to  have  been  found  to  work  verv  satisfartorilv,  and  to  have 
l^ven  no  trouble  as  regards  wear,  even  when  in  almost  constant  use 
or  some  years. 

The  coolers  consist  of  a  pair  of  iron  vessels  fitted  with  sets  or 

clusters  of  solid   drawn  Muntz-metal  tubes    Jk^    of   an   inch   external 

diameter.     Through  these  tubes  and  the  compressor- jacket  cold  water 

^  constantly  circulated  for  cooling  purposes  in  an  opposite  direction 

^0  that  taken  by  the  compressed  air,  by  means  of  a  force-pump  driven 

^  the  crank-shaft     Any  water  that  may  become  deposited  from  the 

^r  by  condensation  in  the  coolers  is  blown  off  through  suitable  drain 

coch. 

After  passing  through  both  the  coolers  the  compressed  air  is 
J^duced  in  temperature  to  within  some  5°  or  6°  of  the  initial  tem- 
perature of  the  cooling  water;  the  amount  of  the  latter  that  is 
required  being  usually  from  30  to  40  gallons  for  ever)'  thousand  cubic 
feet  of  cold  air  discharged,  or  some  three  to  four  times  the  weight  of 
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the  air.  From  ihe  seound  ruoler  the  cfx>led  coniprKssed  air  is  c 
ducted  to  the  expansion  cylinder  b,  where  il  performs  work  M\ion 
piston,  and  so  returns  some  60  per  cent,  of  the  power  that  has  h 


from 
dens 


mperature 


expended  in  its  trom  press  ion,  and  is  then  exhausted  at  a 
rom  —70"  to  —90"  Fahr.,  or  ioz°  to  rai^  of  frost. 

The  steam  engine  is  either  iif  the  high  pressure  nr  nf  the  1^ 
densing  type ;  in  the  latter  case  the  jet  or  surface  condenser  is  plaQ 
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eJow  ihe  cylinder,  which  is  overhung  from  strong  brackets  on  the  ' 
ed-plale,  and  the  air-pump  is  operated  from  a  continuation  of  the  ■ 
iston-rod.  It  will  he  seen  (hat  this  arrangement  admits  of  a  con- 
snsing  enginebeingemployed  without  occupying  any  additional  space, 
■  it  allows  of  the  engine  being  compounded  by  the  addition  of  a 
*ond  cylinder  tandem  fashion,  in  which  case  the  condenser  is 
eferably  located  below  the  high-pressure  cylinder,  and  the  air-pump 
driven  off  a  crank-pin  in  the  fly-wheel.  When  a  condensing  engine 
used,  the  cooling  water,  after  performing  its  work  in  the  coolers,  is 
issed  to  the  condenser. 

Fig.  112  is  a  side  elevation  partly  in  vertical  central  section,  showing 
le  air  cylinders  of  a  single-acting  Lightfoot  cold-air  machine. 
XJghtfoot  machines  of  the  vertical  pattern,  with  [he  eiception  that 


'"9  coolers  are  rast  in  one  piece  with  the  frame,  do  not  differ  in  con- 
"fiirtirin  to  any  material  degree  from  those  of  the  horizontal  type. 

The  Hall  cold-air  machine,  when  driven  by  a  steam  engine,  has 
"'fee  double-acting  cylinders  located  side  by  side  at  the  end  of  a 
""lable  bed-plate,  one  of  which  is  for  steam,  the  second  for  compres- 
''"n,  and  the  third  for  expansion  of  the  air.  The  cjlinders  have  the 
"Ual  arrangement  of  moring  parts,  that  for  compressing  the  air  being 
'aier-jackeled,  and  the  connecting-rods  working  on  cranks  on  the  same 
Wt.  The  valves  for  the  compression  and  expansion  cylinders  consist 
'f  main  and  expansion  slides  operated  from  two  weigh-bars.  These 
alves  were  in  some  earlier  types  of  machines  situated  on  the  under 
i'le  of  the  cylinder,  but  in  those  of  later  patterns  they  are  located  on 
le  Inp  side  of  the  cylinders,  where  they  are  very  readily  accessible.    The 


J 
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cnntatt  vhirh  are  pjaced  bekn  the  bcd-pbte  <jc  fnate,  aip  iuni]|td 
fnr  surface  cooEng  and  sre  of  the  »rduiaj7  maknutialaf  npe. 
uitrTchiiogfT  was  abo  tMactimes  pn)nded  with  the  older  types  d 
maehtnet,  wberdn  (be  air  that  had  done  doty  in  the  ftorage  <» 
chancer*  was  inilised  for  funher  rHoring  the  temperature  nf  the 
[>reMe^  air.  In  more  recent  tnachise*.  bowerer,  a  [»tenteil  [(irtn  of  oa 
Iri/ugai  miMslure  «e{>arat'>r  has  bet^i  used  for  drying  tbe  cixnjireacdiiL 
An  illuHtnition  of  one  of  ibe  most  recent  and  improved  (jpaj 
i>f  Hall  c-otd  air  machines  will  be  foood  in 
chapcer  mi  "  Marine  Refrigeratioa.'" 

The  '  Arrtic  "  cold-air  mAchioe  a  til  m 
improvetl  lype,  recently  (1899)  Iirui^it  otit  In 
'r.  and  W.  Cole,  Limited.  London.  Fig.  113 
is  a  sectional  eIe*-ation,  shnwii^  one  of 
the  Gist  patterns  •<(  machine.  to  thii 
machine  the  air,  after  compression  in  tht 
rylinder  ami  water  spray  ciKiling,  is  ftnthc-r 
coiiled  by  passing  it  thriDugh  a  vessd  con- 
taining glass  balls,  etc.,  on  trays  over  which 
Hater  is  sprayed,  it  then  passes  thnx^  aa 
;mnular  jarket,  and  tbe  hollow  head  L  of  the 
fvpansion  cylirater  for  additional  cooGng. 
The  jacket  contains  either  a  spiral  partitiim 
11'.  which  may  he  perfi>raled,  or  spirallf- 
P'k-  I r J— Cole'i  Patent  I''a'"ed  baffles.  The  head  l  irnnains  posi; 
"Afctie"CoI»l.EifWaehiiic.    lively- worker!  inlet  and  exhaust  valves.     The 

Sectional  Elcvaiion.  cylinder  cirT;ulates  through  the  circuitous 

sapes  of  the  cylinder  jacket,  and  is  thereby 
roolcd  to  s  temperature  of  about  31^  F.  (many  degrees  lower  ihi 
the  cooling  water)  before  entering  the  expansion  cjlinder.  This  k 
(emjwrature  having  the  effect  nf  depriving  the  air  of  all  excess 
moisture,  prevents  the  clogging  of  ports  and  passages  with  snow,  wlucj 
for  »o  many  years  has  been  the  great  objeciion  to  the  more  g^ierd 
use  of  rold-flir  refrigerating  machines  {vide  p.  217).  In  the  case 
small  cold-air  maclunes,  this  difficulty  has  generally  been  considerrf 
insurmountable,  but  this  has  been  overcome  in  the  small  machine  of 
1 ,1 50  cubic  feet  rapacity  illustrated  in  Fig.  114. 

A  later  type  of  machine  is  shown  in  Figs.  1 14  and  i  i_s.  and  in  Figs. 
1 16  and  1 17.  the  first  two  being  general  views  of  a  small  and  a  large- 
si/gd  machine,  and  the  others  respectively  a  side  elevation,  partly  in 
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section,  and  a  transverse  section 
of  eipansion  cylinder.  In  this 
Arrangement  also  the  com- 
pressed air  is  passed  round  the 
expansion  cylinder,  and  cooled 
to  some  27°  lower  than  the 
available  cooling  water,  and 
thtjs  deprived  of  most  of  its 
rnciisture.  This  cylinder  b  is 
jacketed  at  c,  and  provided 
with  ribs  F  and  partitions  C,  h, 
which  is  arranged  to  make  the 
air  take  a  circuitous  course 
'ound  the  cylinder  and  its  ends 
'o  ihe  valve  boxes  k,  and  the 
jacket  may  be  extended  to  in- 
"^lude  the  pii>e  d  leading  the 
Expanded  air  to  the  refri- 
Serating  chamber.  The  base  or 
^e<i    1    for    this    cylinder    also 


'Contains 


partitions    c', 


circulating  the  air,  and  it  has  a 
^'oping  bottom  o  with  a  water 

^al  or    valve    to    remove    the 

*^ndensed  moisture.  Before 
**^ssing    round     the     expansion 

i'linder,  the  air  from  the  com- 
**»"<5sor    is    passed    through    a 

*^  amber     containing     spheres, 

^c,  over  which  water  trickles, 
^*>d  then  through  a  series  of 
*^bes  to  remove  tome  of  the 
Moisture  after  the  preliminary 
Pooling.         The       illustrations 

show  a  double-acting  expansion 

Cjlinder,    as    described    above, 

but  the  invention  is  applicable 

to   vertical    or    to    single-acting 

cylinders,  and  the  arrangements       ^.^^  _,^^^^  „;._Co1c-s  Pai^m  Cold- 

of  the   partitions  and  nbs,   and   ^^  Machine,  with  Air-drying  Arrangement. 

consequently  the  course  of  the  Side  Elevation  partly  in  Section  and  Trans- 
air,  may  be  varied      The  com-  ^wse  Section. 
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pression  and  expansion  cylinders  may  be  mounted  on  a  bed  contai^^ 
the  cooling  arrangements. 

Figs.  117A  and  117B  show  indicator  diagrams  taken  respecti"^^^ 
from  a  double-acting  and  a  single-acting  expander  .of  an  "  Arctic  "  r-^^^y^ 
air  machine.     The  data  connected  with  this  test  will  be  foun 


Cfl 


page  220. 

A  cold-air  machine,  or  air  compression  refrigerating  machine,  cz:^^^ 
prising  certain  novel  features,  or,  to  speak  more  correctly,  a  n—  — ^ 


Fig.  1 1 7A.— Indicator  Diagram   from   Double- Acting  Expander  of  "Arctic" 

Cold-Air  Machine.     (For  Data  of  Test  seepage  220.) 


Fig.    117B. — Indicator  Diagram  from  Single-Acting   Expander  of  "Arctic"  17*7' 
Cold- Air  Machine.     (For  Data  of  Test  see  page  220. ) 


application,  is  the  Allen  machine,  which  is  known  as  the  '*  Allen  Dense- 
Air  Ice  Machine,"  made  by  Frank  Allen,  Brooklyn,  New  York. 

The  Allen  Dense-Air  Ice  Machine  is  illustrated  diagrammatically 
in  Fig.  118,  and  briefly  it  comprises  the  following  parts:  A  steam 
cylinder  q  for  driving  purposes,  a  compression  cylinder  R,  in  which 
the  air  is  compressed  to  about  three  times  its  primary  pressure,  which 
cylinder  is  water-jacketed  to  prevent  injury  to  the  piston  packings  from 
the  heat  engendered  by  this  compression.  A  copper  coil  s,  immersed 
in  a  water  bath,  into  which  coil  the  compressed  air  is  passed  and  cooled, 
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or  reduced  to  the  temperature  of  the  cooling  water.     A  return  air 

cooler  T,  by  means  of  which  the  compressed  air  is  further  cooled  by  the 

Cold  air  returning  from  the  cold  storage  chamber.       An  expansion 

cylinder  v,  wherein  the  cooled  compressed  air  is  allowed  to  expand  to 

one-third  of  the  tension  of  compression,  that  is  to  say,  to  its  original 

pressure  on  entering  the  compressor  cylinder,  during  which  operation 

it  is  cooled  as  much  as  it  was  previously  heated  by  the  compression, 

and  leaves  the  cylinder  at  a  very  low  temperature.     This  cfX)led  air 

is  then  discharged  into  a  well  insulated  pipe,  by  means  of  which  it  is 
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Fig.  m8.— Allen  Dense-air  Machine.     Diagrammatical  View 


conveyed  to  the  place  which  it  is  desired  to  cool.  Here  the  pii)e 
service  is  left  exposed;  that  is  to  say,  it  is  not  insulated,  and  the  cold 
air,  after  taking  up  the  heat  from  the  surrounding  matter,  is  again 
returned  to  the  compressor,  where  it  is  a^^ain  subjected  to  com- 
pression, cooled,  and  expanded  as  before. 

A  suitable  trap  or  separator,  as  indicated  at  v,  is  also  provided 
for  eliminating  the  lubricating  oil  used  in  the  cylinder,  as  well  as 
any  snow  that  may  be  formed,  from  the  cold  air.  The  deposits  are 
removed  from  this  separator  by  heating  the  latter  through  a  suitable 
steam  pipe,  and  running  off  the  contents  through  a  drain  pipe  and 
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cock,  the  machine  being  mj  arran^ied  that  any  frozen  dejxisits  ham  I 
the  expansion  cylinder  iviil  be  at  ihe  same  lime  thawed  and  biown  I 
out  into  the  sefjaraior.  In  operation  the  separator  requires  blo«inS  | 
out  once  or  twice  in  e\ery  twenty-four  hours. 

Cooling  water  for  the  separator,  the  copper  air<ooling  coil  batb, 
and  the  water-jacket  round  the  compression  cylinder,  is  supplied  by  I 
an  ordinary  plunger  pump  w,  and  a  small  supplementary  air  pump*  I 
is  also  provided  for  charging  the  system,  when  starting  with  air  "P  I 
to  the  necessary  j)ressure,  and  also  for  making  up  any  losses  th*'l 
may  occur  by  reason  of  leakage  through  stuffing  boxes  and  joints  1 
whilst  the  machine  is  running.     To  extract  the  moisture  from  tb" 
fresh  supply  of  air  to  the  system  it  is  passed  through  a  drier    *" 
separator  y,  by  means  of  which  it  is  dried  as  far  as  ])racticable  hef*'"^ 
entering  the  machine,     z  is  a  safety  valve. 

The  operation  of  the  apparatus  is  as  follows ;  The  normal  pres- 
sure of  the  air  in  the  system  is  60  lbs.  per  square  inch,  and  this  ait 
is  compressed  in  the  compressor  to  jio  lbs.  per  square  inch.  ShoulJ  ■' 
be  foimd  impossible  to  keep  up  these  relative  pressures  of  60  lbs.  on  t^^ 
suction  side  and  210  lbs.  on  the  discharge  side  it  is  a  sign  of  leakaK^ 
The  oil  trap  or  separator  being  choked  by  congealed  oil  or  snow.  "' 
the  closing  of  valves  will  likewise  cause  a  iJisturbance  in  the  pressure*' 

It  will  be  seen  that  the  air  is  in  this  machine  used  in  a  clos^i 
cycle.  The  compressed  air  from  the  compression  cylinder  is  cooled,  d 
pande<i,  down  to  its  original  pressure  of  60  lbs.  per  square  inch,  wM'*' 
doing  work,  and  the  resultant  cold  air  at  a  temperature  of  about  60° 
below  zero,  Fahr.,  is  forced  through  the  refrigerating  or  cooling  pipes- 
where  it  takes  up  the  heat  from  the  surrounding  objects,  and  is  again 
relumed  to  the  compression  cylimler  to  be  compressed,  cooled,  anJ 
expantjed,  and  so  on,  ad  infinilum. 

It  is  claimed  for  this  machine  that  by  maintaining  the  air  at  a  con- 
stant pressure  of  five  atmospheres  {60  lbs.  gauge  pressure)  it  can  be  coi»- 
veyed  in  pipes  of  comparatively  small  diameter,  and  the  rise  of  tempera- 
ture will  be  slight.  No  absorbed  water  vapour  has  to  be  cooled  from  the 
vapour  to  the  frozen  condition,  and  the  greater  efficiency  of  the  dense 
^r  or  air  under  pressure,  enables  a  very  much  smaller  machine  to  be 
used  than  would  he  the  case  with  an  ordinary  cold-air  machine  for  the 
«ame  capacity. 

The  only  additional  moving  part  in  the  Allen  dense-air  ice  machine  I 
is  the  small  auidliary  or  primer  pump  which  is  a  simple  plunger  pump  1 
of  ordinary  construction.  There  are  also  the  closed  refrigerating  pipe  J 
system,  and  the  two  traps  b\  means  of  which  the  lubricating  oil  andl 
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water  are  removed  or  eliminated  from  the  air,  and  the  latter  is  main- 
tained in  a  pure  condition  whilst  passing  through  the  pipes. 

It  will  be  obvious  that  the  refrigerating  or  cooling  pipes  will  be 
arranged  in  the  cold  storage  room  or  chamber  in  a  similar  manner  to 
those  of  any  direct  expansion  ammonia  plant.  As  no  chemical 
circulating  agent  or  medium  is  employed,  the  items  of  expense  com- 
prise only  the  steam  consumed  in  the  driving  engine  or  motor,  the 
necessary  lubricating  oil,  and  the  labour  of  attending  to  the  machine, 
which  the  makers'  state  are  small. 

In  a  paper*  on  "  Refrigerating  Machines,"  by  Arthur  Robert 
Gale,  C.E.,  the  author,  makes  the  following  observations  on  refrigerat- 
ing machines  of  the  cold-air  type : — "  One  of  the  chief  diflficulties  in 
cold-air  machines  is  the  presence  of  moisture  held  in  suspension  by  the 
atmosphere;  this  applies  esi>ecially  to  the  oi>en  cycle  machines. 
McHSture  in  the  air  occasions  loss  of  efficiency  in  two  ways.  If  the 
air  enters  the  expansion  cylinder  in  a  saturated  condition,  when  the 
air  is  cooled  by  expansion  whilst  performing  work,  a  certain  amount 
of  vapour  is  condensed  and  thrown  down — the  point  of  saturation 
being  dependent  on  the  temperature.  The  vapour,  in  changing  to  the 
liquid  state,  gives  its  latent  heat  of  vaporisation  to  the  air ;  and  as  the 
expansion  of  the  air  continues,  and  the  temperature  is  still  further 
diminished,  the  liquid  freezes  and  accumulates  in  the  form  of  snow  and 
ice  in  the  valves  and  passages,  giving  up  its  heat  of  liquefaction  to  the 
air.  Thus  not  only  does  the  presence  of  moisture  in  the  air  produce 
mechanical  difficulties,  choking  the  air  passages  and  impeding  the 
action  of  the  valves,  but,  for  the  same  expenditure  of  energ>^,  the  cold 
air  leaves  the  machine  at  a  higher  temperature  than  would  have  been 
the  case  if  there  had  not  been  a  superabundance  of  moisture  in  the 
air  during  expansion. 

"  As  the  cold-air  machine  is  the  direct  reverse  of  the  heat-engine, 
so  also  its  conditions  of  greatest  efficiency  differ  from  those  of  the  latter. 
The  maximum  theoretical  efficiency  of  a  refrigerating  machine  may 
be  expressed  by  the  formula — 

Ha  __  _      T 

E  tc  -   1 

where  E  is  the  thermal  equivalent  of  the  work  of  compres^on. 
Ha  denotes  heat-units  abstracted  by  the  system, 
Tc  denotes  absolute  temperature  at  which  rejection   of  heat 
takes  place, 

•  *•  Minutes  of  Proceedings,  Inst.C.E.,"  voL  cxviii.,  Session  1893-4,  pp.  421,  422. 
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T  denotes  absolute  temperature  at  which  absorption  of 
takes  place. 

From  the  above  it  follows  that — 

tj       «     Tc  -  T 
E  =  Ha   — ^ 

i.e.,  in  any  refrigerating  machine  the  greatest  efficiency  will  be  obtai 
with  a  small  range  of  temperature;  the  greater  the  range  the  sm* 
the  efficiency  will  be,  other  conditions  being  equal ;  also  the  efficie^-**^ 
is  increased  as  the  lowest  limit  of  the  range  of  temperature  is  iH^^^ 
Thus  a  machine  working  between  the  temperatures  of  loo'  Fahr, 
a°  would,  other  conditions  being  unalteretl,  be  more  efficient 
when  working  between  60°  Fahr.  and  —40"  Fahr.  These  rema-*^ 
are  applicable  to  any  system  of  refrigeration,  and  are  not  peculiar 
the  cold-air  machine." 

For  some  time  it  was  ver>'  (jeneralU  .lupimseii  that  many  kintLs 
provisions  of  a  perishable  nature  were  liable  to  receive  damage  fi 
the  snow  held  in  suspension  in  the  cold  air  from  these  machines,  a-*™ 
it  was  this  fear  of  injurious  effects  which  prompted  inventors  to  deu.£R 
those  forms  of  special  drying  apparatus  intended  to  remedy  this  defc^^ 
such  as  the  Bell-Coleman  interchanger  wherein  the  air  is  dried  ^^ 
passing  it  through  a  series  or  set  of  colls  situated  in  the  chainb 
cooled  by  the  machine;  of  the  improved  fonn  of  the  above  deagn 
by  Haslam,  wherein  the  intenrhanger  is  cooled  either  by  the  spent  ct^'" 
air  on  its  leaving  the  chamber  wherein  it  has  been  utilised,  or  by  tf** 
cold  air  as  it  passes  out  of  the  expansion  cylinder;  the  LightfoO' 
machine,  wherein  the  expansion  is  performeil  in  two  stages;  or  of 
Hall's  centrifugal  moisture  separator  (or  the  air-drying  arrangement  01 
T.  and  W.  Cole).     Hence  the  term  "  dry-air  refrigerator." 

This  objection  to  the  cold-air  machine  arose,  however,  from  a  fault 
the  evil  effects  of  which,  it  has  now  become  evident,  have  been  un- 
doubteiily  much  exaggerated,  as  in  practice  no  such  damaging  results 
to  the  contents  of  the  stores  or  chambers  are  experienced  as  it  wa» 
supposed  and  predicted  would  ensue,  although  of  course  the  sno« 
that  is  formed  in  the  manner  above  described  is  an  undeniably  ob- 
jectionable product.  If  a  cold-air  machine  be  worked  on  the  princifde 
of  eiclusion  of  the  aqueous  vapour,  after  a  few  cycles  of  operations 
the  air  will  have  become  dry,  and  will  thenceforward  work  like  a  truegas. 

Owing  to  their  compactness  and  simplicity,  to  the  non-requirement 
of  any  chemicals,   and   to  the  great   fai'ility  of  application,   cnld-air 
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Machines  are  found  to  be  very  suitable  for  marine  installations,  and 
^or  this  purpose  they  are  extensively  employed.  They  are  also,  how- 
ever, in  use  to  a  considerable  extent  for  refrigerating  cold  stores  or 
chambers  for  the  preservation  of  provisions  of  a  perishable  nature. 

An  objection,  however,  to  machines  of  the  Bell-Coleman  type, 
'Vrherein  the  air  is  partially  cooled  during  compression  by  the  injection 
of  cooling  water  into  the  compressor,  is  experienced  at  sea,  by  reason 
of  the  corroding  action  of  the  salt-water,  in  addition  to  the  loss  of 
efficiency  common  to  all  machines  of  this  class.  Considerable  difficulty 
bas  been  experienced  in  tropical  climates,  where,  with  the  cooling 
\irater  at  about  90^  Fahr.,  the  moisture-laden  air  would  be  delivered 
into  the  cooling  pipes  at  a  temperature  of  95°  Fahr.,  or  more,  and 
the  absolute  pressure  would  be  about  65  lbs.  per  sq.  in.  Now,  as 
there  is,  as  Mr.  Lightfoot  observes,*  "precisely  the  same  amount  of 
dry  cold  air  circulating  outside  the  cooling  tubes  in  a  given  time 
as  there  is  warm  compressed  air  Avithin,  it  follows  that  by  whatever 
amount  the  temperature  of  the  internal  air  is  reduced,  by  an  equal 
amount  must  that  of  the  external  air  be  raised.  But,  in  addition,  the 
internal  air  has  vapour  mixed  with  it,  which,  as  the  temperature  falls, 
gives  off  heat,  measured  not  only  by  the  reduction  in  its  sensible 
temperature,  but  by  the  latent  heat  of  vaporisation ;  and  this  heat  also 
has  to  be  taken  up  by  the  external  air.  It  will  be  found  that,  as- 
suming each  pound  of  internal  air,  with  its  proportion  of  vapour,  to 
be  reduced  to  42°  Fahr.,  the  pound  of  external  cold  air,  which  has 
to  take  up  all  the  heat  due  to  this  reduction,  will  be  raised  in  tempera- 
ture by  84°  Fahr." 

This  defect  is  obviated  in  machines  of  T.  and  W.  Cole's  "  Arctic  " 
type,  as  the  air  is  cooled  by  their  dr\ing  arrangement  some  25° 
lower  than  the  cooling  water.  Thus  in  tropical  climates,  where  the 
cooling  water  would  be  about  90°,  the  compressed  air  would  be 
cooled  down  to  65°,  and  thus  be  deprived  of  a  great  proportion  of  its 
suspended  moisture  before  being  admitted  to  the  expansion  cylinder. 

Instead  of  using  the  spent  air  for  cooling  purposes,  the  cold  air 
from  the  expansion  cylinder  may  be  applied  direct  to  the  cooling 
i^paratus;  but  in  this  case  difficulty  would  be  experienced  from  the 
deposited  moisture  inside  the  tubes  actually  freezing  from  the  intense 
cold  of  the  external  air,  a  difficulty  which,  it  appears,  has  often  oc- 
curred with  this  apparatus.  This,  apart  from  the  mere  obstruction  of 
the  pipes,  would  involve  a  further  sacrifice  of  cold,  owing  to  the 
liberation  of  the  heat  of  liquefaction. 

♦  "Proceedings,  Institute  of  Mechanical  Knginecrs,"  1881. 
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The  UA^jmratg  table  sfv>w$  the  results  of  test  ex[)enments  ma(ie 
whh  modified  Giffard,  Haslam,  Bell-Coleman,  and  Cole's  "  Arctic " 
machines : — 


Giffard.*     Haslaa.^ 


;» 


RertolvtMMS  per  aunse   . 
Air  pffcssisne  m  recorer 

lbs.  per  aq.  m.       . 
Tespcratare  of  air  eatrrrac 

WW  cylnder  -  coataiatB^  vapof  ap  to 

tt  per  cent,  ot  •atnratioa 

of    air   discharged   liroiii 
cyliader    . 
Tnaperatsre  of  compiencd  air 

to  expaasioo  CTlisder  . 
Tcesperatsre  of  air  after  ezpansioo 
Work  6t0Oic    ia 


coBipresstoa  cjliader 
from  dia^raoi         .... 

Work  fiTni  off  in  expaasioa  cyKoder 
from  diairram  .... 

Dtfiercnce  in  work  done  in  compression 
CTiindrr.  and  work  gi\en  off  in  etpan- 


«ion  cy'-.n 


der 


Diameter  of  st^am  cjlinders,  in  ins. 

„  trunks  in  cvlinders,  in  in». 

Stroke  of  trunks         .... 
Initial     stram     pressure     in     cylinders 

absolute)  per  »q.  in.      .  . 

Work  given  off  in  ste.im  cylinders,  from 

diagram 

Initial  temperature  of  cooling  water 
Final  .,  .,  „ 

Quantity  of  cooling  water  passing  per 

minute  in  lbs.  .... 

Work  lost  in  heat  taken  off  by  cooling 

water 

I.h.p.  in  compression  cylinder 

,,      in  expansion  cylinder 
Per     c<*nt.    of     I.h.p.     of     comprrss'on 

returned  in  expander     .         .         .         . 


»7 

If 

62 


»5l'»-cy.) 

72 


267' F. 


70' F. 
'F. 


43*11  h.p. 
28*05  b.p. 

15*07 

12 

10 

55  Jbs. 

24,6  h.p. 
57'  F. 

9»5 


19  h.p. 
280 


-85'  F. 


346*4 
176-2 

5» 


Bell- 
Coleman.  2 


28 
21 

24 

63*2 

61 


65i  F. 


—52' 


1^4  S 

58-5 

47 


Cole's 
'•Arctic.1 


No.  4    Ns.  I 
Sixe.      !». 


II 

9 
12 

96 
65 


4« 


35 


63 


»4'5 

7-« 

54 


V 

75 
46 


•  •*  T'roceedinj^s,  Institution  of  Mechanical  Engineers,*'  1881. 
t  *•  I'rocceclings,  Manchester  Society  of  Engineers,"  1894. 
X  Professor    Schroeter,    **  Untersuchuugen    an     Kaeltemaschieren    verschie 
Sy  St  erne,"  1 881, 

J  A.  J.  Wallis  Tayler,  IQ02. 


CHAPTER  XI, 
tOCKS,  VALVES,  AND  PIPE  JOINTS  AND  UNIONS. 

E*pa[won  or  RcguUting  Cocks  and  Valves. — Stop  Cocks  and  Valves. — Suction  and 

»     Discharge  Valves. — Pipe  JoinU  and  Uoioci. — Means  for  Increasing  ihe  Cooling 
Surface  of  pipes. 
Expansion  or  Regulating  Cocks  and  Valves. 

A  uuMBEB  of  cocks  or  valves  are  required  on  every  refrigerating 
•nachine,  the  most  important  being,  however,  ihe  expansion  or  regu- 
lating cock  or  valve,  or  as  it  is  sometimes  calleti  the  fiash-ciicV  nt 


"^ve,  which  serves  to  control  the  connection  between  the  condenser 

"•(]  the  refrigerator  or  evaporator. 

Fig.  I  rg  is  a  view  partly  in  ve 
^  a  vertical  centra!  section  showing  two  patterns  of  a  very  common 
f'Tm  of  evpansion  valve  of  the  laper  spindle  tj-pe  which  are  adapted 
for  use  with  manifoliis.     The  construction  of  these  valves  are  obvious 


vertical  central  section,  and  Fig. 
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from  the  drawings,  the  taper  spindles  and  val\e  boxes  or  casings  are 
made  of  hardened  steel,  and  whilst  extremdv  simple  in  constructioD 
the  l)-pe  is.  perhaps,  all  things  considered,  about  the  most  effective 
arrangement  for  general  purposes. 

Figs.  121  and  iz2  show  in  vertical  central  section  the  haJf-inch 
angle  and  glolje  expansion  valves  employed  by  the  Triumph  Ice 
Machine  Compani.  These  valves  are  made  of  the  best  machinery  steel. 


grryi^ 


and  are  so  constructed  that  they  can  be  packed  at  any  time.  The 
drawii^s  are  seJf-enplanatory,  as  is  also  that  shown  in  Fig.  1:3.  repre- 
senting a  verdcal  central  section  through  the  Frick  expansion  valve, 
which  is  constructed  of  drop  steel  forgings. 

Fig,  124  is  a  plan.  Fig.  125  is  a  vertical  central  section,  and  Fig. 
rifi  is  a  view  of  the  plug  partly  in  vertical  section  through  the  p<Mt  or 
way,  showing  the  De  La  Vergne  improved  expansion  cock. 

The  port  or  passage  through  the  plug  (Figs.  112  and  123)  is  so 
formed  as  to  admit  of  the  nicest  regulation  being  effected.  With  this 
object  the  round  hole  is  not  carried  completely  thiDogh  the  plug,  but 
only  through  ^out  three-quarters  the  thickness  thereof,  as  shown  in 
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Hg.  i;6,  and  the  remaining  ihin  bridge  of  metal  .is  perforated  in  the 
shape  (if  a.  very  narn>w  wedge  as  shown  in  Fig.  125. 

The  plug  is  rntated  by  means  of  a  worm  and  worm  wheel  in  the 
manner  which  can  be  clearly  seen  from  the  drawing,  and  whereby 
^67  line  or  delicate  adjustment  can  be  readily  imparted  thereto. 
The  narrow  wedge-shaped  passage  or  aperture  allows  of  the  flow  of 
ihe  liquH  ammonia  being  regulated  to  the  minutest  possible  amount, 
the  pijint  or  apex  thereof  being  the  first  to  open. 

The  stop-cocks  or  \'aJves  described  in  a  patent  taken  out  by  Puplett 
^nii  Rigg  in  1887  for  regulating,  or  completely  cutting  off  or  arresting. 


„   —     ., f.,.   >,-  .  .f..    ..J, — Triumph  GIpbe 

I        I^H'ion  or  Regul.iling  Valve.    \'er-  paoaian  or  Regulating  Valve.    Ver- 

^■"fCcntrai  Section.  lical  Central  Sectdon. 

^^«flow  of  the  gas  or  liquids  to  the  various  parts  of  the  apparatus  have 
\  "istal  seats.  Trj  prevent  leakage  of  the  gas  or  liquid,  the  stuflling  boxes 
"f  these  valves  are  provided  with  screwed  glands,  which  are  likewise 
Sf^fewed  on  to  the  valve  spindles,  which  latter  are  screw  threaded  for 
liiar  entire  length,  and  are  packed  with  some  suitable  yielding  fibrous 
°r  metallic  packing,  such,  for  instance,  as  hemp  or  lead.     This  packing 


i 
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is  caused  to  enter  into  the  screw- threads  U|>on  the  spindles  as  tl 
are  forced  or  screwed  do»-n,  thus  making  gas-tight  Joints  r( 
latter  without  causing  the  vaU'es  to  set  fast.       A  descriptio 


Kig.  [23.— Frick  Angle  Expansion  or  Rcgulnting  Valve.     Vertic 
Centra]  Section. 

Pontifex  expansion  or  regulating  valve  wiil  be  found  on  p 
lieing  one  of  the  improvements  included  in  his  1887  patent. 

A  form  of  expansion  valve  for  use  with  ammonia  or  01 
pression  machines  has  lieen  designeii  bv  Suppes  and  Dortch 
U.S.A.,  which,  it  is  claimed,  olwiates  the  foniiation  of  ice  1 


ii6  REFRIGERATION  AND  COLD  STORAGE. 

exterior  of  the  vahe  owing  to  the  intense  cold  which  is  ptoduced' 
this  point  by  the  expansion  of  the  ammonia  or  other  agent.  Briefly  ti 
expansion  valve  now  under  consideration  comprises  a  valve  and  casi 
having  a  pipe  memtier  cnnnei-ting  the  expansion  orifice  of  the  val 
with  the  refrigerating  coil.  whi( 
valve  is  provided  with  an  ice-gua 
consisting  of  a  member  of  a  coi 
parativeiy  large  area  secured  to  t 
exterior  of  the  valve-caang  ad; 
cent  to  the  valve.  This  ictgU* 
or  member  performs  the  dout 
office  of  firstly  absorbing  heat  (iC 
the  atmosphere,  and  in  this  mana 
preventing  an  imdiie  reduction  . 
ihe  temperature  of  the  valve-cad 
from  taking  place;  and,  second 
of  forming  a  barrier  over  which  ' 
ice  which  accumulates  on  the  p 
member  must  creep  before  it  < 
— ^  ■■^■^^F"  reach  that  portion  <^  the  casing  * 

-    ■  ■        l^^y  rounding  the  valve. 

Ill  In  Fig.   127  is  illnstiaied   ^ 

■  Triucnph  safety  combina^on  enp^ 

sion  valve  and  stopcock.  With  d 
valve  there  is  no  necessity  \ 
pumping  out  or  shutting  down  i 
plant,  as  it  can  be  nepaireil  at  4 
lime  l>y  shutting  off  the  sti^vccJ* 
remoiing  the  stem  and  inserting 
j4^^^. -  r*~~-  '^  place  a  short  plug  which  is st 

^J^^^^L_'  *'"^  "''th  ^'^^  valve.       Kxpan^ 

^^^^^■^     '  can  then  be  effected  with  Che  st4 

HHH^K-  cock,  which  has  a  V-shaped  op4 

ing  at  both  ends,  so  that  no 
take  can  be  made  as  to  « 
direction  it  is  turned.  When 
expansion  valve  is  repaired,  all  that  is  requireiJ  is  lo  simply  shut 
the  st()p<ock  again,  remo\'e  the  short  plug,  and  re-insert  the  val' 
stem,  after  which  work  can  be  resumeil  as  before. 


Fi^. 


Stop  Cocks  and  Valves. 
The  De   La  Vergne  improved  form   of  stoji-cock   for  ammo; 
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is  illustrsted  in  I-'igs.  ij8  and  129,  which  show  vertical  central 
sM-tions  through  the  shells  or  casings  rif  a  Jja-in-  and  a  i-in.  cock, 
the  plugs  being  left  in  elevation. 

-As  will  he  seen  from  the  drawings,  the  square  for  operating  the 
plug  is,  conuary  to  the  usual  custom,  placed  at  the  smaJl  end  thereof, 
the  latter  being  pressed  to  its  seat  by  a  spiral  spring  inserted  between 
ils  large  end  and  a  cap  bolteil  up  to  the  shell  or  casing,  and  having'an 
annular  projection  adapted  to  engage  in  a  corresponding  groove 
formed  in  the  latter,  anti  wherein  is  fffovided  a  lead  or  other  washer. 


Fig.  jj8,  — De 

-''"lilai-  means  for  forming  a  gas-light  joint  are  provided  at  the  small 
-"'I  of  ihe  plug,  and  in  this  manner  the  escape  of  any  fluid  into 
'^''chamber  that  might  chance  to  pass  the  plug,  is  prevented.  The  even 
■""1  constant  pressure  of  the  spiral  spring  maintains  the  plug  always  on 
'  *  seat,  and  prevenLs  any  grit  or  other  impurities  from  getting  between 
"leaurfaces  and  cutting  or  abraxiing  Ihem.  The  shell  of  the  small-sized 
'"^k  or  valve  (l"ig-  1 29)  is  of  slightly  modified  form. 

The  Kilboum  stop-cock  is  provided  with  a  cone,  gland,  nut,  or 


J 
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sleeve,  and  collar,  so  consinjcted  and  combined  ihat  by  nmm  ik  I 
gland  nut  in  the  one  direction  the  cone  will  be  fwced  imoindI«ii| 
in  Its  seating,  whilst  on  the  other  hand  by  turning  it  in  the  oilw,(, 
upposiie  direction,  ihe  cone  will  he  started  fiwrn  its  sealing, 

The  construction  of  the  Triumph  Ice  Machine  Comparvi  unf 
valve  is  such  as  to  admit  of  its  being  packed  at  any  time'irith« 
running  the  nsk  of  loss  of  gas.  The  valve  has  double  seats.  an<l  >.* 
valves,  when  closed,  clamp  the  seats  so  that  it  is  impossil-le  to  hw 
any  leakage.  The  seats  are  formed  of  lead,  so  that  should  thw  n 
any  time  be  injured  by  foreign  m  after,  by  simply  removing  the  damijel  I 
seat  and  inserting  a  new  one   a   new  valve  is   secured  at  onlj  \\t  I 


Vig.  1*9. — Dc  La  Vctgi 


(Ttnlial  ScctioB. 


expense  of  a  leatl  seat.     Fig.   130  shows  one  pattern  of  shut-off  n 
stop-valve  used  by  the  Frick  Company.    Figs,  131  and  132  j 
other  patterns  of  stop-valves  made  by  the  same  Company, 

Suction  and  Discharge  Valves. 
Compressors  for  ammonia  cw  other  volatile  refrigerating  agents  a 
usually  pro\ided,  in  the  case  of  a  vertical  single-acting  machine,  wilhll 
two  valves — a  suction  and  a  discharge  valve — at  one  extremity  of  the  ] 
cylinder   only ;    and    a    double  acting    horizontal    machine    has 
general  rule  four  valves — two,  viz.,  a  suction  and  a  discharge  valve, 
being  located  at  each  end  of  the  cylinder.     It  is  hardly  necessary  V 
remark  that  these  valves  must,  like  all  other  valves  in  the  system,  be 
maintained  light,  but,  in  addition  to  this,  these  particular  vaJves  are 
all  held  against  their  seats  by  suitable  steel  springs;  and  it  is  a  matter 
of  the  greatest   importance,  as   regards  the  securing  of   the  utmosl   j 
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Fig.  130,— Frkk  Shut^off  or  Stop  Valve.     Vertical  Central  Section. 


iJ.— Ftitii  Slop  Valve 


■onoray  in  working  possible,  to  see  that  the  proper  amount  of  tension 
put  upon  these  springs. 
Should  the  spring  governing  the  ilischarge  valve  of  a  compressor 


r 
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be  too  strong,  then  it  is  evident  that  an  undue  amount  of  pressure  w 
have  to  be  exerted  in  order  to  raise  it  from  its  seat,  and  hence  a  los  -* 
will  be  experienced.  Still  worse  is  it  if  the  spring  on  the  suction  valv^^* 
be  over  powerful,  as  in  this  event  an  excessive  amount  of  suction  wil 
have  to  be  prf>duced  in  order  to  effect  the  raising  of  the  valve  off  ilss^ 
seat,  thereby  creating  a  serious  interference  with  the  flow  of  the  ga^^^ 
into  the  cylinder  of  the  compressor.  Very  sensible  losses  in  efficiency-''-* 
will  be  experienced  when  the  springs  of  both  valves  are  exerting  an  ^* 
over-pressure.     A  very  small  loss  in  the  volume  of  gas  for  each  single  -^ 


or  double  stroke  of  a  compressor  will  in  twenty-four  hours  amount 
to  a  serious  item. 

The  mc»st  effective  method  for  adjusting  the  tension  of  the  com- 
pressor valve  springs  to  a  nicety  is  by  the  use  of  the  indicator, 
fact,  without  the  use  of  the  latter  instrument,  it  is  impossible  to  insure. 
any  degree  of  accuracy  of  adjustment,  and  consequently  every  coon 
pressor  should  be  provide:l  with  proper  pipes  to  admit  of  the  attach^ 
ment  of  an  indicator. 

Figs.  133  and  134  show  respectively  the  construction  of  the  dis^ 
charge  and  suction  valve  of  the  Hercules  mrapressor.     An  obviou 
objection  to  the  old  form  of  construction  is  that  on  the  removal  o 
cap  the  whole  valve  would  fall  into  the  cylinder.     In  the  improved 
pattern  made  by  the  Triumph  Company,  this  objection  is  obviated. 
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Fig.   135  sbuws  the  Triumph   suction-valve.     This  valve  is  fitted 
ISth  a  guard  so  constructed  as  not  to  reduce  the  port  area,  which 
guard  is  altached  to  ihe  lower  end  of  the  valve-stem,  which  is  enlarged 
s  purpose-     III  case  of  breakage,  or  should  the  stem  come  loose, 


P'fi'  I3S-— Triumph  Sueiion  \'al\e      \  crlicnl  Central  Section. 

pthis  guard  will  prevent  the  vaKe  from  droppmg  into  the  cylinder. 
I?  removing  the  hood  or  rap  on  the  top  of  this  vahe,  Hhuh  may  be 
k-done  whilst  the  marhme  is  in  operation  the  moiement  of  the  stem  may 
1^  seen.  This  enables  the  person  in  charge  to  ascertam  whether  or 
lOt  the  valve  is  working  properly.  Should  the  suction-valve  become 
Itight  from  some  cause,  or  the  spring  he  loo  tight,  all  that  it  is  necessary 
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to  do  is  to  remove  the  cap,  take  off  the  loclcer  and  turn  the  valT^ 
stem  to  the  right.     If,  on  the  contrary,  the  spring  is  too  slack  or  Ugbt, 


Fig.  137.  —  Triumph  -  palttn 
Suction  Vdve  for  Frick  CompreiiJ^i 
Vertical  Central  Section. 


and  permits  the  valve  to  open  too  much,  the  stem  should  be  turned  t( 
the  left     After  the  required  adjustment  the  locker  and  cap  can  bt 


mm'. 


Fip.     1  jS.  —  Triumph  -  pattern  Fig.     139.  —  Triumph  -  patteni 

Suclion  Valve  fi>r  De  La  Vergnc  Suction  VbI«  for  De   La   Vcrgne 

Compressor.        Vertical      Central  Compressor.         Vertical      Central 

Section. .  Section. 


replaced  and  the  %-alve  will  be  fotmd  to  be  working  properly.       Th 
whole  of  this  operation  can  be  effected  without  shutting  down  th 
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^igs.   136  to  13(1  show  the  patterns  of  safe^  suction-valves  con- 
structed by  the  Triumph  Company  for  the  Friclt  and  the  De  La 


"ergne  types  of  compressoTS,  and  Fig.  140  illustrates  the  pattern  of 
''"alve  made  by  the  same  company  for  the  Calahan  type  of  machine. 

Pipe  Joints  and  Unions. 
An  important  part  of  a  compression  plant  is  the  provision  of  abso- 
lutely  gas-tight  pipe  joints,  which,  by  the  way,  is  by  no  means  an  easy 
"matter  to  effect,  at  least  with  the  agents  working  at  the  higher  pressures. 
"■  is  scarcely  necessary  to  observe  that  the  pipes  must  be  so  put  up 
that  they  will  be  capable  of  expanding  and  contracting  freely,  for  the 
•*nge  of  expansion  in  i»pes  which  are  liable  to  be  subjected  to  extr»nes 
of  temperatures  so  widely  differing  as  in  the  present  case,  is  consider- 
^'e.  The  pipes  should  likewise  be  fixed  in  sections,  so  that  any  par- 
■iculir  portion  can  be  removed  for  cleaning  or  repairs  and  replaced  in 
position  without  having  to  interfere  with  the  other  ones. 

For  various  reasons  it  is  impracticable  to  use  joints  screwed  to- 
gether with  white  or  red  lead  or  varnish,  as  in  the  case  of  steam-pipes, 
and  consequently  some  other  method  of  forming  a  gas-tight  joint  has 
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rf  wai  H  ilP  we.  wd  dM  kind  of  joiDt  u  Imi fa 
r  >  «a*  itmiAtt  amA  R&ble  one;  bdi^  capd.Ie  cl  nK 
iLiiittM.IJmi  to  wlik-h  the  pipes  sk  c» 
;  to  wbich  thi^  Q. 
Tfac  lesufiifi  f  eatiiRs  rf  tf 
■  AaodpHM  »  the  coBaaieeMMat  of  ibe  feoule  ki» 
e  «ehs  a  Aeac  afioaKe  bcMi  Ac  cstrniii^  of  ihe  piptv 
■ig  d^t^  enla^ex]  so  u  to 
^  vha  ibe  ^ligot  end  of  ibe  prpe 


L.  at&ifiKd  x>  mccne  the  foUec 


Fig.  141.— De  £j  VcTCBc  f^e  Joini.    PcnpccUTE  Vie 


Kip.  141  and  142  tUiBtial&  in  perspective  anil  vertical  ceiitnl  I 
aeeaon.  the  De  La  Vergne  tjpe  of  pipe-jcnnt.  To  ensure  a  tight  joint  I 
(o  withstand  h^  pteawe  the  Saages  are  comiected  to  the  pipes  boih  I 
bT  sctev  threads  and  solder,  the  latter  beii^  mo  into  the  annular 
recesses  or  cleannces  shewn  alM>ve  the  thFea<ie<l  portions,  the  surfaces 
of  which  aie  «rell  tinneil  1  he  joint  between  the  flanges  is  fonned  bj'  1 
an  annular  projertioo  upnn  the  ooe  filling  into  a  corresponiling  groov*  J 
fbnned  in  the  other,  whii-b,  when  the  nuts  are  screweij  up  upon  the  I 
bolts  for  connecting  the  flanges,  is  pressed  home  ami  hears  upcrti  I 
a  suitable  packing  ring  inserted   into  the  bottom  of  the  correspond- 
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ing  groove  or  recess,  and  thus  forms  a  perfectly  gas-tight  joint.  Similar 
screweil  anil  solLlered  joints  are  likewise  employed  wherever  it  is 
necessary  to  use  a  retuni  beiid,  i^lhow,  tee,  cross,  or  other  connecling 
piece.     The  fittings  are  either  made  of  malleable  iron  or  steel. 

The  result  of  covering  the  thread  of  the  pipe  with  solder,  and 
running    I  he    la  Her    into    the    above-mentioned    annular    reiess    or 


Fig.  MI 

I'learante,  and  thus  forming  a  compound  screwed  and  soldered  joint, 
IS.  that  what  is  otherwise  the  weakest  part  of  a  length  of  piping  becomes 
thestr-mge.st.  It  is  slated  by  the  Company  that  it  has  been  invariably 
f'juml  (hat  when  the  usually  applieil  test  of  i,ooo  lbs.  hydrostatic  pres- 
fiiireto  the  square  inrh  is  ovemm,  the  pipe  rips  open  before  the  joint 


Fig.  14J  is  a  vertical  c 

s  especially  intendeiJ  tor  use  v 


ating  the  Kilboum  jmnt, 
is  necessary  to  set  tubes 


J 
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or  pipes  in  places  where  an  exjianiler  cannot  be  userl,  or  where  sweaiiag 
or  soldering  is  requisite  lo  make  a  perfect  gas-tight  joint  adapted  tii 
withstand  very  high  pressures.  As  will  be  seen  from  the  illustration 
the  extremity  of  the  pipe  is  llangeil  and  secure>l  in  a  recess  in  thepbte 
by  means  of  a  nut  or  ci)llar,  after  which  solder  is  run  round  it. 
Where  the  plate  is  of  insufficient  Ihickness  to  allow  for  a  deprcsuon 
bdng  left  for  the  solder  u  rib  is  formed  iheToin,  as  shown.  In 
this  manner  the  inventor  claims  that  the  pipe  or  tube  can  be  so  secured 
to  a  tube  plate  or  its  equivalent  that  it  will  be  perfectly  firm  and  rigiii, 
and  that  the  solder  will  retain  its  bold  against  all  ordinary  or  tuiul 
contingencies,  whilst  at  the  same  time  forming  a  perfectly  gis-iight 
joint  In  Fig.  144  is  shown  the  Kilboum  coupling  for  connei-ling 
together  different  lengths  nf  pipe,  or  forming  joints  between  the  latter 


and  thrir  connections,  where  fluid-tight  joints  to  withstand  very  I; 
pressures  are  demanded.  The  usual  internally  screw-threaded  socktl 
is  chamfered  or  bevelled  at  its  extremities,  and  caps  having  intemall| 
chamfered  shoulders  and  bored  to  fit  over  the  pipes,  and  over  the 
socket,  are  forced  against  ihe  latter  by  means  of  back-nut.s, 
to  compress  the  packing  rings  or  jointing  materials,  placed  bctweei 
the  chamfers  on  the  socket  and  caps,  as  shown,  and  thus  form  a  pci 
fectly  gas  or  fluid-light  joint. 

In  forming  a  screweii  and  solderer!  joint  (Figs.  141  and  14a)  0 
the  type  above  described,  owing  to  the  comparatively  small  amoun 
of  surfaces  in  actual  contact  and  tending  lo  pre\-ent  leakage, 
is  essential  that  great  care  should  be  taken  in  order  to  ensure  I 
lasting  qualities  of  the  joint,  and  if  these  precautions  be  observed,  a 
the  joint  be  well  made,  it  will  remain  gas-tight  for  s  considerabi 
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»f  years.  Those  portions  of  both  the  exterior  and  interior 
)f  the  pipes  between  which  the  solder  is  poured  should  be 
ully  tinned,  this  operation  being  performed  just  before  the 

of  the  joint,  so  as  to  avoid  the  injury  that  might  otherwise 
ihe  ihin  layers  of  tin,  and  thus 

as  perfect  surfaces  as  possible 
t  of  as  firm  as  practicable  an 
B  of  solder  to  both  of  the  sur- 
3e  united. 

ease  having  been  first  carefully 
by  scraping  and  washing  over 
ed  or  prepared  hydrochloric 
ic  acid,  the  tinning  of  the  faces 
isjly  performed  by  means  of  a 

iron  in  the  ordinary  manner. 
jg  of  the  hydrochloric  acid  is 
»y  placing  in  it  pieces  of  zinc 

ebullition  ceases,  and  after 
iluting  the  acid  with  water  in 
rtion  of  two  parts  of  the  latter 
jt  of  the  former. 
,  of  course,  be  understood  that 
nect  a  screweii  and  soldered 
sufficient  application   of   he.il 

made  to  melt   or   fuse    tliM 

'45  '"  158  show  a  few 
he  numerous  other  joints  that 
»i  brought  out  and  used, 
is  a  very  substantial  pattern 
Bange    union    or    connection, 

a  blue-lead   gasket   is   useii 
cast   to   fit   into  the  square-         I-ik-   r44.— Ki 
the    face    of    one    of    the     '^'?"'"^ii"g   'I'^'^i 
■.  .       .  pjpcff.    Vertical 

le  no  or  projection  on  the  through  Jojiu. 
flange  aJso  fitting  into  this 
I  that  when  the  flanges  are  drawn  together  by  the 
K,  the  lead  gasket  will  be  pressed  firmly  into  the 
e  latter  preserving  the  form  and  thickness  of  the  gasket. 
tming  a  perfectly  gas-tight  joint.  Similar  types  of  unions 
hown  in  Figs.   146  and  147.     The  flange  union  shown  ii 


cet,    ^^ 

ons   ^^H 

J 
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Fig.  149  is  LRtendoi  for  i  JMot  maiie  with  rubber  and  gasket,  or  any 
•box  packing  Miniiar  to  that  tned  for  gas,  water,  and  steam,  and  the 
ftugo  aiE  m^ie  of  it«eL 

Bt  ntaxfO  nf  the  biger  smfaces  that  are  in  contact,  flange  joinb 
fofnieil  in  lEte  •ff^'inair  manner  would  lemain  gas-tight  for  a  longa 


Fig.  145. — Flange  CoD|4ing 


for  lead  ga^et.     \'erlical  Central  Section. 


time  than  would  be  the  case  with  screwed  Joints.  Ammonia -tight 
flange  joints  can  be  ma-ie  by  the  insertion  of  a  common  gasket,  am] 
with  flanges  adapleil  for  the  use  of  sheet  packing  of  the  kinds  useii 
for  steam  and  hydraulic  joints,  hut  in  the  latter  case  it  is  preferable  tn 


empliiy  flanges  having  on  mie  of  their  faces  a  circular  raiseil  rib  or 
fillet,  and  in  the  other  fare  a  rorresp<inding  groove  or  recess,  as  shown 
in  Fig.  I4Q. 

l'"ig.  it;o  .shows  a  De  I,a  Vergne  soldered  pipe  joint-socket  bend  or 
elbow  for  ammonia  pipes.     Fig.  151  is  a  return  socket  bend.     Fig.  152 
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«  a  flange  bend  ix  elbow  for  gasket  joint     Figs.  153  and  154  is  a  side 
fJew,  partly  in  elevation,  and  an  end  view  of  the  l-'rick  evaporating 


Fig.  148. — Frick  Coupling  or 
XJnion  lor  Small  Pipes.  Vcrli- 
cil  CcDtral  Section. 


Fig.  149. — HiiDEcCouplinB  or 
Union  for  Shed  l>ackin)-.  Ele< 
valion  |iartly|in  CL-nrr.il  Scclion. 


■^I    Tjend.     Fig.  155  is  an  end  view,  and  Fig.  156  is  a  side  view  of 
flarige  return  bend,  and  Figs.   157  and   ijS  show,  in  side  elevatin 


U'di'erUcal  central  section,  a  form  of  return  lienil  or  head  formed  in 
halves  for  use  in  places  where  it  is  desired  to  disconnect  any  one  of  the 
c«ls  of  a  stack.     The  pipes  are,  it  will  be  seen,  connected  (o  the 
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head  by  screwed  and  soldered  joints,  and  the  two  halves  of  the  ^^4 
are  arranged  to  form  an  ordinary  flange  union,  a  suitable  insertii^ 


b^g  used  to  form  a  gas-tight  joint,  and  two  long  side  bolts  (one  iri 
which  only  is  shown  fully  in  the  illustrations)  and  a  shorter  bolt  at  th< 


bend  serving  to  clamp  them  together.     The  illustrations  are  for  tU 
most  part  sufficiently  clear,  and  require  but  little  explanation. 
By  the  use  of  electric  welding  makers  arc  now  enabled  to  p 
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'ong  continuous  coils  of  pipe  and  so  for  the  most  part  dispense  with 
"le  use  of  joints  in  awkward  places. 

Means  for  Increasing  Cooling  Surfaces  of  Pipes. 
J'ig.  159  is  a  perspective  view  of  a  disc  or  gill  which  is  formed  in 
ftaJves,  one  of  which  is  shown  removed  in  fig.  160.     The  two  hahes 
or     parts  of  the  (ii.sc  are  adapted  to  be  secured  together  upon  the 


Figs.  15s  and  156.— Flange  Reiuni'bend.     End  View  and  Side  V 


tfpe  by  means  of  iron  clips  which  press  them  against  the  pipe. 
These  discs  are  fixed  at  regular  intervals  upon  the  cooling  or  re- 
'ngerattog  [upes  in  the  cold  stores  or  chambers,  after  they  are  all  put 
"p,  and,  according  to  the  inventors,  their  effect  is  to  increase  the 
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cooling  surface  to  such  an  extent  that  only  one  foot  of  pipe  is  fowrf 
requisite  where  four  would  be  necessary  without  them.  These  lemcpi- 
able  iliscs  or  gills  are  macle  by  Messrs.  De  La  Verpoe  ani]  Co. 


Figs.  IS9  and  160.— Discs  or  Giils  for 
Pipes.  View  dhowiDg  Gill  fixed  in  po^ti 
Gill  removed. 


Mr.  B.  Lebrun,  of  Nimy,  Belgium,  also  makes  a  pattern  of  cooliii« 
pipe  with  gills  or  flanges.     These  pipes  are  of  cast-iron,  and  the  gilb 
or  flanges  are  fomieil  therewith.     Several  other  arrangements  on  the 
same  principle  have  been  devisei-]  for  increasing  the  surface  of  ciwling   1 
or  refrigerating  pipes. 


CHAPTER  XII. 
REFRIGERATION  AND   COLD   STORAGE. 

Refrigeration  by  means  of  the  Cold- Air  Machine. — Refrigeration  by  means  of  Com- 
pression or  Absorption  Machines. — ^The  Brine  Circulation  System. — The  Direct 
Expansion  System. — The  Cold-Air  Blast  System. — Piping  for  Cold  Stores, 

The  knowledge  of  the  conservative  action  of  cold  upon  organic  sub- 
stances is  probably  as  old  as  the  existence  of  human  beings,  and  has 
.  been  constantly  utilised  to  preserve  from  putrefaction  various  alimen- 
^sjy  substances. 

Attempts  have  for  many  years  been  made  to  produce  a  refrigerated 
atmosphere  by  means  of  ice,  but  the  results  obtained  are  far  from  satis- 
factory, the  atmosphere  of  the  stores  or  chambers  so  cooled  being 
as  a  rule  saturated  with  moisture  from  the  melting  ice,  and  the  meat 
preserved  therein  assuming  a  more  or  less  musty  and  disagreeable 
flavour.  The  possibility,  however,  of  .successfully  keeping  meat  in  arti- 
ficially cooled  stores  or  chambers  dates  only  from  the  invention  of 
Charles  Tellier's  machine  and  brine  circulating  system  in  1873,  by 
^hich  he  was  enabled  to  create  a  cold  dry  atmosphere,  wherein  organic 
substances  could  be  maintained  constantly  at  that  temperature  which 
's  found  to  be  preservative.  Mechanical  refrigeration  is  therefore,  it 
^n  be  seen,  an  art  of  comparatively  modem  origin. 

For  the  preservation  of  meat,  machines  working  upon  the  compres- 
sion system,  the  absorption  system,  and  cold-air  machines  are  em- 
P%ed. 

In  freezing  carcasses  for  transportation,  the  cold  is  best  applied 
gradually  at  first,  so  as  to  ensure  an  even  freezing  throughout,  and 
Prevent  damage  to  the  inner  i)ortions  of  the  meat  by  the  freezing 
^  the  external  surfaces  thereof  before  the  internal  heat  is  sufficiently 
•^^ered.  When  frozen  or  congealed  a  temperature  of  at  least  as  low 
^  18°  Fahr.  should  be  maintained.  For  cooling  ships'  holds,  cold 
^res  or  chambers,  and  other  similar  purposes,  temperatures  varying 
from  15''  to  55^  Fahr.  are  required,  in  accordance  with  the  material 
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bda^  de^  wilh,  aa  ncn  wpenturc  in  erei^-  pan  being  absolulelv 
■eoBHHy.  Wfaen  ^■■"■^  ■•^■■^*"*^  tbej  must  be  hui^  at  such  dii 
tanoe  ^Mit  as  10  a^Bit  of  a  rewlj  drtnlation  of  tbe  cold  air  rouml 
tboB  takng  pbce;  for  ftongefoc  tmnportation,  howet-er,  it  is  trrutn- 
fyfiff^  to  pack  then  as  ti^Hls'  togedier  as  possible,  provided  no 
w^mj  tfaroo^  bnnsiBg  be  caused,  aad  that  a  sufficient  clearance  ct 
6ee  qnce  be  left  for  the  drcnlatian  of  the  colij  air  between  <hi 
cafcaves  and  the  inner  lining  of  the  storage  chamber.  The  tmper]- 
ttoe  of  cold  land  stores  or  t^ianibeis  for  storing  and  preserving  unfrozm 
neat  need  not  be  lower  dun  15"  Fahi.,  but  should  not  rise  above  30 
Fahr.  When  the  meat  is  frozen,  however,  as  it  mtist  be  when  it  hu  lo 
be  kept  for  anf  length  of  time,  it  raav  advantageously  be  mainUiDed  31 
as  low  a  tetnperatufe  as  ■  5"  Fahr. 

The  atntoqihere  of  ootd  stores  in  some  instances  should  be  kept  u 
dij  as  practicable;  whilst  in  olbets  a  certain  amount  of  moisture 
desirable,  as,  for  instance,  when  osed  for  presening  fish,  eggs,  and 
cheese,  wtuch  aie  infured  by  the  aJt  being  too  dry.  For  presenfing 
meat  for  comparatively  short  pwiods  the  best  tetnperamre  is  fcoB 
30^  to  40'  Fahr.,  as  most  descriptions  are  injured  lo  a  greater 
less  ertent  if  permitted  to  freeze,  by  the  bursting  of  the  ve»des  <l 
which  flesh  Li  composed.  When,  howe\-er,  it  is  required  to  be  pi* 
served  for  a  longet  period  than,  say,  three  weeks  it  is  absolnt^ 
essential  that  the  meat  should  be  froren,  otherwise  a  sligbt  decompo» 
tion  will  take  place,  and  it  will  become  greatly  deterioraied- 

When  a  colJ-air  machine  is  employed  for  refrigeration,  the  coU 
air  is,  as  a  rule,  admitted  to  the  freezing  room,  cold  storage  cbambo^ 
or  chill  room  through  ducts  placed  near  the  ceiling,  and  after  it 
done  its  duty  is  conrluctoj  back  again  to  the  compressor,  wbereiiy 
after  being  mixed  with  a  sufficient  amount  of  fresh  air,  it  is  agi ' 
compressed. 

The  most  advantageous  method  of  conveying  the  cold  air  from  1 
machine  to  the  chill  room  or  cold  store  or  chamber,  is  by  means 
wooden  trunks  or  conduits  discharging  into  the  latter  through  an  ip 
situated  at  or  near  the  ceiling  at  one  extremity  thereof,  the  used 
spent  air  being  withdrawn  through  a  similarly  situaterl  outlet  and  con 
duit  at  the  other  extremity.  All  abrupt  rises  or  falls  or  bendi 
air  trunks  should  be  avoided,  and  their  length  should  not  be  excessive 
as  the  loss  experienced  through  the  rise  in  temperature  of  the  air  " 
the  latter  case  would  be  very  considerable.  The  extreme  limit 
distance  to  which  it  is  advisable  to  conv^  the  cold  air  through  ih 
conduits  is  :oo  ft. 


i<i'ri<h,i:RA'i in\  in'  (^oid-mr  mmuim .s,     ^j; 

When  carcasses  are  to  be  congealed,  the  temperature  of  the  freezing 
chamber  or  room  should  be  maintained  at  about  io°  Fahr. ;  as  has 
been  already  stated,  however,  the  cold  should  on  no  account  be  applied 
too  rapidly  at  starting,  but  gradually,  so  that  the  internal  heat  may 
be  first  sufficiently  reduced,  to  avoid  injury  to  that  portion  of  the  meat, 
before  the  outer  surface  becomes  frozen. 

For  after  preservation  of  frozen  meat  it  is  sufficient  to  keep  the 
atmosphere  of  the  chamber  or  store  down  to  a  temperature  of  about 
15°  or  18°  Fahr. ;  it  should  not,  however,  be  allowed  to  rise  above 
20^  Fahr. 

Refrigeration  by  Means  of  Cold-Air  Machines. 

According  to  Colonel  B.  H.  Martindale,  C.B.,  R.E.,  the  general 

manager  of  the  London  and  St.  Katherine  Dock  Company,  in  1886 

they  had  56  refrigerating  chambers  in  two  vaults,  the  smallest  of  which 

chambers  had  a  cubic  content  of  2,273  ft.,  and  the  largest  thereof 

of  9,280  ft,  the  total  content  of  the  56  chambers  being  something 

over  183,000  cubic  ft.     The  carcasses  of  the  sheep  averaged  in  weight 

5^>  60,  and  72  lbs.  each;  and  the  whole  of  the  chambers  completely 

fiUed  would  contain  about  59,000  sheep  of  the  first  weight,  56,000 

of  the  second,  and  44,000  of  the  third ;  in  practice,  however,  a  space 

or  clearance  had  to  be  left  for  gangways,  and  for  separating  different 

niarks,  for  which  a  deduction  had  to  be  made  from  the  total  storage 

capacity,  and  taking  the  shipments  as  they  chanced  to  arrive,   the 

above  space  was  equal  to  the  storing  of  the  carcasses  of  about  44,000 

sheep. 

The  cold-air  ntachines  employed  in  connection  with  the  56 
chambers  in  question  comprised  four  Haslam  60,000  cubic  ft. 
"machines,  and  three  Hall  30,000  cubic  ft.  machines,  supplied  with 
steam  from  three  multitubular  boilers  of  the  marine  type,  and  four 
"<^lers  of  the  locomotive  type,  the  former  having  been  found  in  practice 
^  be  the  best.  One  of  the  Haslam  60,000  cubic  ft.  machines  worked 
^^  15  chambers,  having  a  total  capacity  of  48,000  cubic  ft,  and 
capable  of  storing  ii,ooo  carcasses  of  sheep  averaging  in  weight  72  lbs. 
^ch,  but  which  storage  capacity  was  reduced  by  gangways,  &c.,  to 
between  8,000  and  9,000.  The  engine  was  kept  running  twenty  hours 
out  of  every  twenty-four,  the  said  stoppage  including  the  time  required 
^or  clearing  the  snow  from  the  valves,  snow  boxes,  and  air-trunks.  The 
average  speed  was  80  revolutions  per  minute,  at  an  air  pressure  of 
44  lbs.  per  square  inch,  giving  a  temperature  of  —70°  in  the 
snow  boxes,   and   keeping   the  temperature  of   the   chambers   down 
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to  from  15''  to  1 8'  Falir.,  which  was  found  in  practice  to  be  about 
the  best  temperature  to  keep  the  meat  at.  Better  results 
were  obtained  in  proportion  to  the  fuel  consumed^  by  work- 
ing at  an  air  pre&sure  of  about  44  lbs.  per  square  inch,  instead 
of  50  lbs.  and  upwards;  not  giving  such  a  low  temperature  in  the 
snow  boxes,  but  about  —50'  Fahr.  instead  of  —  60*^  or  —70^,  and 
delivering  a  larger  volume  of  cold  air  into  the  chambers.  The  pro- 
portionate rise  in  temperature  was  then  much  less  between  the  deliven 
from  the  expansion  cylinder  and  the  distant  chambers.  Twenty-four 
chambers,  with  a  capacity  of  90,000  cubic  ft.,  were  worked  by  two 
Haslam  60,000  cubic  ft.  machines,  running  at  an  average  of  70  revolu- 
tions per  minute,  with  an  air  pressure  of  40  lbs.  per  square  inch,  the 
temperamre  in  the  snow  box  being  —55°  Fahr. 

The  atmosphere  of  the  chamber  next  the  machine  could,  as  a  rule, 
be  kept  at  a  sufficiently  low  temperature  with  but  little  opening  of 
the  delivery  p^jits  in  the  air-tnmks,  and  almost  without  admitting  air 
at  all,  as  the  mere  passage  of  the  said  sur-trunks  through  it  kept  it 
nearly  cool  enough.  The  greatest  care  was  taken  in  regulating 
the  deliver)'  and  return  air-ports  or  apertures,  gradually  increasing  the 
area  of  both  in  proportion  to  the  increased  distance  from  the  machine; 
the  greatest  distance  to  which  the  cold  air  was  conveyed  being  180  ft. 

The  practical  result  of  the  observations  taken,  which  extended  over 
some  time,  was  that  the  rise  of  temperature  in  travelling  was  i^  Fahr. 
for  every  18  or  20  ft.  travelled;  but  this,  of  course,  must  not  be  taken 
for  more  than  the  result  arrived  at  from  general  working  under 
exi.sting  conditions.  It  was  likewise  found  that  from  i  to  lY^  cubic 
ft.  of  cold  air  per  hour  would  keep  cool — say  at  iS*^  Fahr. —  i  cubic 
foot  of  storage  at  a  distance  not  exceeding  180  ft.,  or  say,  at  an 
average  distance  of  90  ft.  from  the  machine.  The  first  amount  name«l, 
viz.,  I  cubic  foot  of  cold  air  per  hour  to  each  cubic  foot  of  storage, 
was  the  result  arrived  at  during  temperate  weather,  and  this,  it  is  esti- 
mated, would  most  i)r()l)al)ly  he  amply  sufficient  were  the  chatnbers 
fully  stored  with  carcasses,  and  left  entirely  undisturbevl  ;  Init  as  this 
is  not  possil)le  in  practice,  an  allowance  has  to  be  made  for  the 
opening  of  doors  for  the  purpose  oi  deliveries  and  so  on;  and  the 
second  amount,  or  i  Jo  cubic  ft.  of  air  per  hour  for  every  cubic  foot  of 
storage  that  it  was  desired  to  keep  down  to,  say,  18^  Fahr.,  was  found 
to  be  about  correct  for  general  practice. 

The  coal  consumption  was  stated  to  be  for  three  machines,  giving 
out  nominally  120,000  cubic  ft.  of  air  (one  60,000  cubic  ft.  and  two 
30,000  cubic  ft.   machines),   4J2   tons  of  coal  in  twenty   hours;   and 
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two  60,000  cubic  ft.  machines,  working  under  practically  similar  con- 
ditions, had  a  like  consumption.  The  coal  used  was  ordinary  Welsh 
coal,  costing  about  i6s.  6d.  per  ton. 

The  London  and  India  Docks  Co.,  when  the  extensions  now  in 
progress  are  completed,  will  have  refrigerated  accommodation  capable 
of  receiving  550,000  sheep.  The  extension  consists  of  twelve  cold 
chambers  on  three  floors. 

Refrigeration  by   Means   of   Compression   or   Absorption 

Machines. 

When  refrigerating  machines  wherein  the  cooling  is  effected  by 
the  evax)oration  of  a  volatile  liquid  are  employed,  the  refrigeration  can 
be  conveniently  effected  in  three  ways,  viz. : — 

First — by  cooling  a  non-congealable  salt  brine,  and  then  pumping 
it  through-  a  system  of  pipes,  or  of  open  troughs  in  the  chambers. 
Secondly — by  causing  a  current  of  air,  generated  by  means  of  a  fan 
or  otherwise,  to  impinge  against  surfaces  reduced  to  a  low  tempera- 
ture by  the  expansion  of  the  refrigerating  agent  itself,  or  by  an  internal 
circulation  of  cooled  brine,  and  conducting  the  cold  air  to  the  refri- 
gerating chambers.  And  thirdly — by  expanding  the  gas  direct  through 
pipes  placed  in  the  chambers. 

The  main  advantage  claimed  for  the  first  of  these  plans  is  that  it 
admits  of  the  machine  being  stopped,  and  when  an  independent  brine 
pump  is  employed,  the  brine,  wherein  a  large  reserve  of  cold  is  stored 
up,  can  be  continued  in  circulation  for  a  considerable  time  before  any 
thawing  from  rise  of  temperature  and  consequently  dripping  will  take 
place  from  the  pipes. 

The  Brine  Circulation  SvstExM. 

The  agent  employed  in  the  brine  circulating  system  consists  of  a 
solution  of  chloride  of  sodium  or  common  salt,*  or  of  chloride  of 
calcium,*  chloride  of  magnesium,  or  any  other  suitable  solution  capable 
of  standing  very  low  temperatures  without  congealing.  To  extract  or 
absorb  the  heat  from  the  brine,  the  simplest  and  best  method  is 
undoubtedly  that  most  commonly  employed,  which  consists  in  passing 
it  through  a  tank  of  ample  dimensions  fitted  with  suitable  coils  of  pipes, 
through  which  the  chilled  liquefied  ether,  carbonic  acid,  ammonia,  01 
other  volatile  refrigerating  agent,  circulates,  vaporises  or  gasifies,  ex- 
pands, and  subsequently  returns  therefrom  in  the  form  of  a  gas  or 
vapour  to  the  compressor,  in  one  system ;  an<l  in  the  (;ther,  in  the  form 
of  a  strong  solution  to  the  generator.     An  expansion  valve  or  cock, 

•  For  proportions,  &c.,  of  these  solutions,  see  p.  459. 
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such  as  one  of  those  illustrated  in  Figs.  119  to  127  (pages  221  to  226), 
is  fitted  to  the  inlet  ends  of  the  submerged  coils.  The  brine,  being 
thus  deprived  of  a  large  portion  of  its  heat,  is  then  drawn  away  from 
this  refrigerating  or  cooling  tank  or  vessel  by  the  brine  circulating 
pump,  and  is  forced  through  the  s>'stem  of  cooling  pipes  in  the 
refrigerating  chamber  or  cold  store. 

The  arrangement  of  the  cooling  pipes  in  cold  stores  for  preserving 
provisions  of  a  perishable  nature  requiring  to  be  kept  at  various  tem- 
peratures between  25^  and  45^  Fahr.,  in  accordance  with  the  descrip- 
tion and  nature  of  the  provisions,  or  of  those  in  chambers  for  freezing 
or  congealing  meat  and  keeping  it  frozen,  which  require  to  be  main- 
tained at  temperatures  of  between  10°  and  i8°  Fahr.,  according  to 
the  work  demanded,  only  differ  from  other  installations  in  the  par- 
ticular disposition  and  numbers  of  the  i^pes,  the  chambers  intended 
for  the  latter  purpose  being,  of  course,  fitted  with  the  greatest  number. 

The  Direct  Expansion  System. 

When  the  direct  expansion  system  is  in  use  the  pipes  should 
invariably  be  of  wrought-iron,  and  even  where  the  brine  circulating 
system  is  employed  they  should  preferably  also  be  of  the  latter  material 
in  the  case  of  freezing  chambers,  as  the  heat  from  the  chambers 
passes  more  readily  through  the  thinner  walls  of  the  smaller  wrought- 
iron  pipes.  Besides  which  there  is,  as  has  been  already  mentioned 
elsewhere,  a  consitlerable  saving  of  space. 

One  advantage  of  this  system  is  that  a  more  economical  and  rapid 
cooling  is  effected  than  with  the  brine  circulation ;  another  is  the  simpli- 
fication of  the  apparatus  and  the  reduction  in  the  first  cost  thereof. 
To  counterbalance  which  advantages,  however,  there  is  the  danger  to 
human  life,  of  damage  to  the  contents  of  the  refrigerating  chambers, 
and  of  fire,  should  any  leakage  of  the  gas  or  vapour  from  the  cooling 
pipes  take  place,  and  also  the  impossibility  of  shutting  down  the  machine 
even  for  a  few  minutes  without  the  cooling  pipes  commencing  to  drip. 

As  regards  damage  to  the  contents  of  the  rooms  or  chambers  by 
reason  of  an  escape  of  the  refrigerating  agent,  however,  carbonic  acid 
is  known  to  be  non-injurious,  and  as  regards  ammonia  the  fears  of 
any  deterioration  in  the  quality  of  fresh  meat,  which  is  being  frozen  or 
preserved,  resulting  from  any  accidental  leakage  of  the  pipes,  would 
seem  to  be  totally  groundless,  judging  from  the  results  of  recent 
practice,  and  the  opinion  of  experts. 

On  this  head  the  following  extract  from  an  article  published  in 
the  Scientific  American,  in  1889,  is  of  interest : — 


THE  DIRECT  EXPANSION  SYSTEM.  i^g 

"  Some  >ears  ago   Dr.   B.   W.    Richardson,   in   a  communication 
to   the  Medical  Society,  called  attention  to  the  antiputrescent  pro- 
perties of  ammonia,  and  showed  that  blood,  milk,  and  other  alterable 
liquids  could  be  preserved  for  a  long  time  by  adding  to  them  certain 
quantities  of  solution  of  ammonia;  and  solid  substances,  such  as  flesh, 
by  keeping  them  in  closed  vessels  filled  with  ammonia  gas.     Some 
doubts  that  would  appear  to  have  been  raised  as  to  the  results  reported, 
on  the  ground  that  ammonia  was  itsdf  a  product  of  decomposition, 
induced  Dr.  Gottbrecht,  of  the  University  of  Greifswald,  to  repeat  the 
exp)eriments  with  the  result  of  practically  confirming  all  Dr.  Richard- 
son's   statements.       After   some    preliminary    experiments,    in    which 
animal  matter  placed  in  5  per  cent,  of  ammonia  solution  was  found  free 
from  putrescence  after  nearly  two  years,   ammonium  carbonate  was 
used  in  place  of  the  free  alkali  for  the  sake  of  convenience.     The  first 
experiment  made  with  the  washed  intestines  of  freshly  killed  pigs> 
showed  the  power  of  ammonium  carbonate   to   retard   putrefaction 
to  be  directly  dependent  upon  the  concentration  of  the  solution,  a  i  per 
cent,  solution  retarding  it  until  the  third  day,  a  10  per  cent,  solution  un- 
til about  the  sixtieth  day.    Wh^n  added  to  gelatine  in  which  putrefaction 
bad  already  been  set  up  by  inoculation,  it  was  found  that  a  5  per  cent, 
solution  so  modified  the  conditions  that  the  putrescence  ceased,  and 
^  2j4  per  cent,  solution  inhibited  the  development  of  bacteria,  so  that 
the  liquefaction   of   the  gelatine   was    practically    stopped.        Other 
experiments  showed  that  in  an  atmosphere  impregnated  with  ammonium 
carbonate  meat  could  be  kept  for  six  months,  and  at  the  end  of  that 
time  remain  nearly  unaltered." 

When  chambers  are  refrigerated  on  the  direct  expansion  system 
it  is  nevertheless  essential  that  the  system  of  pipes  employed,  which 
can  be  arranged  on  any  of  the  plans  adopted  in  the  case  of  brine 
circulation,  should  be  such  as  to  reduce  as  far  as  practicable  to  a 
niinimum  the  chance  of  leakage  taking  place  at  the  joints,  cocks, 
valves,  etc.,  as,  independently  altogether  of  any  possible  damage  to 
^be  contents  of  the  stores  or  chambers,  it  is  highly  desirable,  for 
economical  reasons,  that  as  little  as  possible  of  the  circulating  agent 
^e  lost.  Various  gas-tight  joints  have  been  already  briefly  describeil 
in  a  previous  chapter. 

Ammonia,  both  in  a  liquid  and  gaseous  condition,  has  no  chemical 
effect  whatever  upon  iron,  consequently  the  cooling  pipes  require  no 
protection  except  upon  the  exterior,  which  should  receive  a  coat 
of  paint  every  year  to  prevent  them  from  rusting. 

So  long,  however,  as  the  pipes  are  coated  with  snow  or  ice  no 
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corrosion  will  take  place,  ei'sn  externally,  as  they  are  thoroughly  pr*>" 
tected  thereby  from  the  oxidizing  effect  of  ihe  aimosjihere  j  when,  ho- 
ever,  they  are  subjected  to  alternate  freezing  nnd  thawing,  as  is  usual 
the  case  during  actual  work,  when  the  chamtiers  or  stores  are  alternate 
in  and  out  of  use,  then  they  must  be  protected  as  abo^'e  mentioned. 

There  is  not  the  least  doubt  but  that  the  direct  expansion  systei 
is,  as  has  been  before  mentione.l,  more  economical  than  the  brine  circi 
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lalion  system.  This  will  be  obvious  when  it  is  remembered  that  everj^ 
transmission  of  heat  must  of  necessity  entail  a  loss  of  efficiency.  A  far 
higher  evaporating  pressure  can  be  maintained  in  direct  pipes  than  in 
evaporating  coils  in  a  brine  tank,  whilst  at  the  same  time  they  have 
still  within  them  a  far  lower  temperature  than  in  the  latter.  The 
result  of  this  is  that,  in  the  compression  system,  the  gas  is  sucked  into 
the  compressor  at  a  greater  back  pressure  when  direct  expansion  is 
employed,  and  a  far  larger  amount  of  efficiency  is  obtained.  The 
cold,  moreover,  being  produced  exactly  where  it  is  required,  there  is 
practically  no  waste. 

The  diagram,  Fig.  i6i,  and  the  following  table,  show  the  variations 
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capacity,   etc.,  of  a   refrigerating  machine,   and  the  economy   of 
5Ct  expansion,  as  drawn  up  by  the  De  La  Vergne  Company. 
In   the  above  diagram  the  line  marked  '*  capacity  of  machine " 
rws  the  diminished  capacity  as  the  back  pressure  is  reducetL     If 

machine  has  a  capacity  of  ten  tons  at  a  return  pressure  of  28 
jnds,  as  shown  by  the  vertical  height  of  the  curve,  it  has  a  capacity 
five  tons  only  with  a  return  pressure  of  six  pounds.  Under  the  same 
::unistances  the  cost  of  fuel  per  ton  is  increased  in  the  ratio  of 
i  vertical  heights  to  the  curve  marked  "  cost  of  fuel,"  namely,  from 
5  to  25.  In  other  words  the  cost  per  ton  is  nearly  doubled  while 
i  capacity  is  halved.  The  work  as  seen  by  the  curve  marked  "  work 
[uired  "  diminishes  very  slowly. 

This  shows  very  plainly  the  economy  of  direct  ex])ansion.  The 
tmonia  in  the  coils  of  the  brine  tank  must  be  cooled  below  the  brine 

the  directly  expanded  ammonia.     If  the  difference  be  10'^,  say  5^ 
tead  of  15°,  then  the  capacity  of  the  machine  is  reduced  in  the  ratio 
10  to  8  or  20  per  cent.,  and  the  cost  for  fuel  increased  in  the  ratio 
from  14-5  to  17*5  or  20  per  cent. 

These  are  physical  facts  which  cannot  be  explaine;!  away,  and  the 
>nomy  of  direct  expansion  in  practice  over  both  l)rine  and  air 
culation  is  usually  greater  than  the  diagram  and  table  illustrates. 

IBiC    FEET    OF   AmMONIA    GaS     PER     MINUTE    I O    PFODUCE    ONE   TON 

OF    REFRIGERATION    PER    DAY. 
CONDKNSER. 
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Id  ihe  brine  system,  on  ihe  other  hand,  the  large  refrigeiuui| 
or  cooling  tank  is  exposed  to  the  atmosphere,  and  even  when  insulated 
as  perfectly  as  possible,  a  considerable  amount  of  heat  is  unaroidiblt 
absorbed,  which  is,  of  course,  a  total  loss ;  considerable  fuel  con-  ' 
■umption  is  moreover  required  in  the  brine  circulation  syslem,  (oi 
the  power  consumed  in  pumping  the  large  quantities  of  brine  thrdugh 
the  system  of  pipes  in  the  rrfrigMating  chambers  or  cold  stores,  which 
pipes  sometimes  run  to  many  thousands  of  feet  in  length,  and  thus  ^vc 
rise  to  a  large  amount  of  friction  ,  and  besides,  after  being  in  use  for 
some  time,  they  may  become  internally  coatoi  with  rust,  and  with  1 
slimy  deposit,  which  not  only  produces  a  considerable  increase  ui  the 
amount  of  the  friction  10  be  overcome  in  driving  the  brine  through 
them,  but  furthermore  forms  a  sort  of  non-conducting  crMting,  and 
lessens,  to  an  appreciable  extent,  the  heat- absorbing  qualities  of  the 
system.  Altogether  it  is  not  improbable  that  the  entire  loss  through  l\\v 
additional  consumption  of  fuel  entailed  from  all  the  above  causes  doe> 
not,  in  many  instances,  fall  far  below  25  per  cent,  of  the  entire  amount, 

CoL0-AtR  Blast  Svsiem. 

Apparatus  is  also  in  use  which  is  so  arranged  that  the  refrigeraliag 
coils  or  pipes  are  placei]  in  a  separate  compartment  connecte«l  with  the 
refrigerating  chambers  or  cold  stores,  and  air,  having  been  cooled  in 
the  first,  is  passed  into  the  latter,  the  circulation  bdng  kept  up  bt 
means  of  a  fan  or  blower.  The  refrigerated  air  is  sometimes  first 
washeil  and  free-l  frnni  snow  by  passing  it  through  a  shower  of  cold 
brine,  and  dried  by  exposing  it  tn  the  absorbent  action  of  caldum 
chloride  or  other  hygroscopic  material.  This  arrangemmit  is  possessed 
of  one  of  the  advantages  derived  from  the  use  of  cold  air  machines, 
viz.,  that  every  part  of  the  apparatus  is  situateil  exlem.-Uly  to  the 
refrigerating  chamber  or  cold  store,  and  consequently  accessible  at  all 
times.  Dripping  from  the  refrigerating  pipes  whet)  the  machine  is 
stopped  for  a  short  time,  and  the  temperature  of  the  chamber  or  store 
rises  slightly,  is  also  avoided. 

On  the  other  hand,  however,  there  is  a  considerable  loss  by  reason 
of  the  absorption  of  heal  by  the  cold  air  on  its  way  from  one  chamber 
10  the  other;  an  infreaaed  consumption  of  fuel,  owing  to  the  powet 
required  to  work  the  fan  or  blower  for  keeping  up  the  air  circulation; 
and  finally  the  loss  ff  possibly  valuable  spare  taken  up  by  the  rhambet 
required  for  the  purpose  of  cooling  the  air. 

The  plan  wherein  air,  refrigerated  by  contact  with  brine-cooled 
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surfaces,  instead  of  by  direct  expansion,  is  passed  into  the  chambers  or 
stores,  is  evidently  still  more  costly  inasmuch  as  there  are  not  only  the 
losses  entailed  from  the  above-mentioned  sources,  but,  furthermore, 
thtat  caused  by  another  transmission  of  heat. 


PIPING  FOR  COLD  STORES. 
Amount  of  Refrigeration  Required. 

The  refrigeration  required  will  be  governed  by  the  size  of  the  store, 
tHe  amount  of  and  frequency  with  which  the  goods  are  brought  into 
tHe  store  and  removed  from  it,  the  temperature  of  the  goods,  and  their 
^I^^fic  heat,  the  mean  external  temperature,  the  greater  or  lesser 
P^ifection  of  the  insulation,  and  various  other  matters,  which  render  it 
totally  impossible  to  lay  down  any  hard  and  fast  rules. 

A  very  usual  practice  is  to  provide  i  foot  run  of  2-inch  pipe  for 
^v-ery  seven  cubic  feet  of  space  contained  in  the  store,  but  sometimes 
^*^e  proportion  used  is  as  much  as  one  to  five,  whilst  again  it  is  oc- 
^3-sionally  reduced  to  one  to  twelve.  For  refrigerating  meat,  in  which 
p^^e  it  is  not  desirable  to  cool  the  exterior  too  rapidly  before  the 
^'^terior  has  had  time  to  cool  to  a  certain  extent,  the  best  proportion 
^^^  employ  is  one  to  ten. 

Amount  of  Refrigerating  Pipes  Necessary  for  Chilling, 

Storage,  and  Freezing-Chambers. 

Chilling-rooms  or  Chambers,  refrigerated  on  the  direct  expansion 
system,  i-ft  run  of  2-in.  piping  for  each  14  c.  ft.  of  space;  on  the  brine- 
^i*"culation  system,  i-ft.  run  of  2-in.  piping  for  each  8  c.  ft.  of  space. 

Freezing-rooms  or  Chambers,  refrigerated  on  the  direct  expansion 
system,  ift.  run  of  2-in.  piping  for  each  8  c.  ft.  of  space  ;  on  the  brine- 
^^culation  system,  i-ft.  run  for  each  3  c.  ft.  of  space. 

Storage-rooms  or  Chambers,  refrigerated  on  the  direct  expansion 
^y^tem,  I-ft  run  of  2-in.  piping  for  each  45  c.  ft.  of  space ;  on  the  brine- 
^culation  system,  i-ft  run  of  2-in.  piping  for  each  15  c.  ft.  of  space. 

Extreme  Limits  of  Cubic  Feet  of  Space  per  running  foot 

OF  2-IN  Piping. 

These  are  given  in  the  following  table : — 

Breweries — Medium'  insulation. 
Chip  and  Stock  Rooms 1  to  22 
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Fermenting  and  Settling  Rooms           

[  to  20 

Packing  Rooms    . .         •  •         . .         •  •         . .         . .     i 

I  ..  i8 

Hop  Rooms          ] 

t  ,,  25 

Packing  House. 

Chill  Rooms  for  Beef I 

M  12 

Hogs          \ 

[  „  10 

Freezing  Rooms  . .         . .         . .         . .         . .          . .     i 

[  „    6  or    7 

Cold  Storage. 

Cold  Storage  Rcx^ms       . .                     . .         . .         . .      i 

„  25  or  30 

Cold  Storage  House  and  Freezing  Rooms       . .          . .     i 

t  „    8 

For  Eggs,  brine  preferred           i 

[  „  12 

Cold  Storage         i 

^  n  25 

Ice  Storage           . .         . .     i 

1  „  20 

Fish  Freezing  (direct  expansion) ] 

1  „    2 

The  following  five  tables  are  given  by  Prof.  Siebel  in  the  **  Cc 
pend  of  Mechanical  Refrigeration." 


Lineal  Feet  of  i-inch  Piping  required  per  Cubic  Foot  of 

Cold  Storage  Space. 


Size  of 
Hnilding  in 
Cubic  Feet, 
more  or  less. 

• 

c 
0 

"a 
c 
^    _ 

Excellent. 

Poor. 
Excellent. 

temperature,  degrees  fahr 

» 

o»       1 

30 

00 
10 

To^    , 

178 

1-50 
0-26 

2o^ 

0-48 
090 
o-i6 

3o^ 

4o^ 

50". 

1 

100 
1,000 

036 
066 

0-I2 

0.24 
0-48 
o-o8 

015  , 

0-30 

005 

Poor. 

2-0 

0-50 

030 

0-22 

016 

010 

10,000 

PIxccllcnt. 

06 1 

o-i6 

o-io 

0075 

0055 

0-035 

1 

Poor. 

1-2 

033 

020 

1-15 

O-II 

0-07 

30,000 

Excellent. 

.    o'5 

0-13 

008 

006 

0-040 

0025 

Poor. 

1     i-o 

025 

015 

0  II 

003 

005 

1     100,000 

1 

Excellent. 
Poor. 

0-38 
075 

010 

0-20 

006 

012 

0-045 
0*09 

0-03 
006 

0*009 
o-oi8 

Note. — The  above  quantities  of  pipe  refer  to  direct  expansion,  and  should 
made   one  and  one-half  times  to  twice   the  length  for  brine  circulation.     To 
the  corresponding    lengths  of    I. } -inch  pipe  diWde  by  1*25  or  multiply  by  o*8 
2-inch  pipe  divide  by  i-o8  or  multiply  by  0*55. 
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Number   of  Cubic   Feet  covered   by  One   Foot  of 

i-iNCH  iron  Pipe. 


c  **  « 

.222© 


c 
o 


temperature,  degrees  fahr. 


o*». 


Io^ 


ao" 


40° 


50° 


100 


1,000 


10,000 


30,000 


100,000 


ExceUent. 

Poor. 
Excellent. 

Poor. 
Excellent. 

Poor. 
Excellent. 

Poor. 
Excellent. 

Poor. 


0-3 

1-3 

21 

015 

07 

i-i 

ro 

40 

6-0 

o*5 

20 

3-2 

17 

6-0 

lO-O 

0-85 

3-0 

50 

20 

80 

14-0 

10 

40 

70 

2-6 

lO-O 

17*0 

1-3 

5*o 

8-5 

2-8 

'•5 
8-4 

4*5 
130 

180 

9-0 

220 
II-O 


4-2 

2-1 

12*4 

6-2 

180 

9-0 

25-0 

130 

330 
170 


70 

3-5 

20'0 
100 
280 
14-0 
40-0 
20-0 
IIOO 

550 


KoTK. — Ihe  above  figures  refer  to  direct  expansion,  from  one-half  to  two-ihirds 
^5  the  .vpaces  only  would  be  covered  by  the  same  amount  of  pipe  in  case  of  brine 
^culation.  To  find  the  correspondinji  amounts  of  cubic  feet  ot  space  which  would 
"^  covered  by  one  lineal  foot  of  ij-in.  pipe,  multiply  by  1-25  or  divide  by  o*8 ; 
0'  2-in.  pipe,  multiply  by  1*08  or  divide  by  0*55. 

Number  of  Cubic  Feet  covered  by  i-ton  Refrigerating 
Capacity  for  Twenty-four  Hours. 


'"330 


c 
o 

M 

a 


TEMPERATURE,  DEGREES  FAHR. 


0°. 


lO*. 


100 

Excellent. 

Poor. 

1,000 

Excellent. 

Poor. 

10,000 

Excellent. 

Poor. 

30,000 

Excellent. 

Poor. 

100,000 

Excellent. 

Poor. 

150 

600 

70 

300 

500 

2500 

250 

1500 

700 

3000 

300 

1800 

1000 

5000 

500 

3000 

1500 

7500 

800 

4500 

'^'^FRIOERATING    CAPACITY    IN 

OF  Storage  Room 


20*». 


I  800 
400 

3000 
'  1800 

4000 

i  2500 
6000 
3500 
9000 
5000 


10^ 


1000 
600 
4000 
2500 
6000 

3500 
8000 

5000 

14000 

8000 


40". 

1600 
900 
6000 
5000 
9000 
7000 
13000 

IIOOO 

20000 
16000 


50°. 


3000 

2000 

12000 

lOOOO 

18000 
14000 
25000 
20000 
40000 

35000 


B.T.U.   Required   per   Cubic   Foot 
IN  Twenty- FOUR  Hours. 


Siie  of 
Building  in 
Cubic  Feet, 
more  or  less. 

Insulation. 

1 

te: 

VI  PER  A 

10". 

ture, 

20  \ 

DEGRl 

EES  FA 

1 
40"'. 

HR. 

1 

1     30°. 

1 

:    50^ 

100 
1,000 

iLxcellent. 

1,800 

480 

3()0 

284 

180           95 

Poor. 
Excellent. 

4,000 
550 

960 
no 

480 
95 

470 
70 

330         140 
47         24 

Poor. 

1,100 

190 

i6s 

no 

55         28 

10,000 

Excellent. 

400 

95 

70 

47 

30     1     16 

Poor. 

(KX) 

160 

no 

81 

40         20 

30,000 
100,000 

Excellent. 

Poor. 
Excellent. 

Poor. 

280 

550 
190 

350 

55 
63 

30 

55 

35 

55 
20 

35 

22 
26 

W 

n 

14 
7 
4 
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CHAPTER    XIII. 
REFRIGERATION  AND  COLD  STORAGE  {continued). 

TThe  Construction  and  Arrangement  of  Cold  Stores  and  of  Cold  Storage  Rooms  or 
Chambers. — Ventilation. — Air  Circulation. — Insulation. — Railway  Vans. 

It  is  completely  beyond  the  scope  of  this  work  to  deal  with 
the  architectural  aspects  of  the  requisite  buildings,  and,  besides, 
these  latter  have,  as  a  general  rule,  to  be  adapted  to  the 
special  requirements  of  each  particular  case.  All  that  is  here 
contemplated,  therefore,  is  to  make  a  few  observations  upon  the 
internal  arrangement,  premising  that  wherever  possible  it  is  advan- 
tageous to  arrange  for  the  delivery  to  and  from  the  store  being  made 
from  the  uppermost  storey.  The  reason  for  this  is  obvious,  cold  air, 
being  heavier  than  warm  air,  has  a  tendency  to  sink  to  the  lowest 
level,  but  little  or  no  danger  exists,  therefore,  of  its  escaping  from 
above,  whilst,  on  the  contrary,  by  reason  of  its  weight,  it  would 
naturally  be  forced  out  of  any  open  door  or  window  placed  at  a  lower 
level.  The  possible  penetration  of  heat  from  the  exterior  to  the 
interior  of  the  store  is  also  greatly  reduced. 

Failing  this  plan,  all  the  rooms  or  chambers  in  a  cold  store  should 
be  arranged  to  open  into  a  well-insulated  corridor,  or  in  the  case  of  a 
single  cold  storage  room  or  chamber,  into  a  porch,  lobby,  or  ante- 
chamber, by  which  means  the  penetration  of  heat  from  the  exterior 
into  the  room  or  chamber  when  it  has  to  be  entered  to  place  provisions 
therein,  or  to  remove  them  therefrom,  is  lessened. 


Cold  Rooms  or  Chambers. 

A  most  important  feature  in  the  internal  construction  of  a  cold  store 
is  the  insulation,  and  to  this  subject  it  is  intended  to  revert  at  some 
length  later  on  in  a  special  section  of  this  chapter. 
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of  a.  eold^toie  or  cbajober  of  an;  pven  danensions,  it  would  be 
obnouly  inipOM*lei  io  view  of  the  (roostanUy  laijing  cinrumstancei 
o(  ffiVh  indiridoal  caae,  to  lay  Aiwn  any  baid-and-fast  rales.  It  will 
have  to  be  lepaiaidy  otimated  for  each  particular  iitsiallation, 
accordance  with  the  ainoimi  of  cooling  work  which  is  necessar)-,  ami 
whii^h  it  is  lienired  lo  perfomi  upon  the  material  enclosed  in  the  cold- 
ttore  or  chamber,  and  by  the  amount  of  heat  that  is  calculated  to 
put  inut  the  latter  {mm  the  outside,  through  the  walls,  foot,  and  roof. 
wiscquenily  be  thus  seen  that  the  capacity  of  ^e  apparatus 
will  dqiimd  uiK>n  ihe  k.wesl  internal,  and  the  highest  external  — 
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perature,  the  area  of  the  walls,  floor,  and  ceiling,  and  also  to  a  great 
extent  upon,  their  construction  being  carried  out  in  a  manner  more  or 
less  impervious  to  heat. 

As  a  general  rule,  however,  it  will  be  found  that,  owing  to  the  circu- 
lation of  the  air,  and  the  radiation  through  the  floor,  walls,  and  roof  of 
the  chamber,  the  cubical  contents  of  the  air  in  the  latter  will  require 
to  be  cooled  from  ^ght  to  fifteen  times  in  every  hour,  in  order  to 
ensure  the  temperature  being  assimilated  to  that  of  the  air  or  gas 
passing  out  of  the  machine. 

The  following  particulars  regarding  the  rarliation  through  walls,  etc., 
are  given  by  Prof.  Siebel  :*  "  If  the  number  of  square  feet  contained  in 
a  wall,  ceiling,  floor,  or  window  /,  the  number  of  units  of  refrigera- 
tion, R,  that  must  be  supplied  in  twenty-four  hours  to  offset  the  radia- 
tion of  such  wall,  ceiling,  or  floor,  may  be  found  by  the  formula : 

R  =/«(/-/i)  B.T.  units, 
^^  expressed  in  tons  of  refrigeration— - 

R  =    -o  'tons. 

284,000 

^^  these  formulae  /  and  t^  are  the  temperatures  on  each  side  of  the 
'^'^11,  and  n  the  number  of  B.T.  units  of  heat  transmitted  per  square 
^ot  of  such  surface  for  a  difiierence  of  1°  Fahr.  between  temperature 
^•^  each  side  of  the  wall  in  twenty-four  hours.  The  factor  n  varies 
^th  the  construction  of  the  wall,  ceiling,  or  flooring,  from  i  to  5.'' 

For  single  windows  the  factor  ;/  may  be  taken  at  12,  and  for 
*^^ble  windows  at  7  {Box), 

For  different  materials  one  foot  thick  the  following  values  are 
^  Ven  for  n : 


^or  Pine  Wood     . 

.     20B.T.U. 

For  Sawdust . 

iiB.  T.  U. 

»»    Mineral  Wool . 

.1-6       „ 

„    Charcoal,  powdered 

1*3          n 

*»    Granulated  Cork 

.1-3        M 

,,    Cotton    . 

07                M 

1.   Wood  Ashes  . 

.10       ,. 

,,    Soft  Paper  Felt 

05                M 

For  brick  walls  of  different  thicknesses  the  factor  ;/  may  be  taken  as 
follows  after  Box: 

**'Compend.  of  Mechanical  Refrigeration."     Chicago  :  H.  S.  Rich  &c  Co.,  1899. 
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\  brick   4]  ins.  Iliirk  n  =  5-5  B.  T.  I'Diu. 

«       .,      9  ■•  ..  =  4-5 

1}     ..     H  ..  ..  =  3-6 


r  walls  of  masonry  of  (iifTerent  thicknesses  the  fai:tt>r  k 
as  follows  after  /iex : 


Sloae  walls    fc  ins.  thick  . 

.      «  =  6-1  B.  T.  U 

11 

■    ..  =  s-s 

18        „         .         .         . 

■      ..  =  5-0 

*4 

■■  =  45 

30 

■      ..  =  4J 

36 

German  authorities  give  values  for  n  which  are  less  thaa  01 
of  the  values  here  quoted. 

For  airtight  tjouble  floors  of  wood  properly  filled  undemeath  « 
that  the  atmosphere  is  excluded,  and  for  ceilings  of  like  construction, 
H  is  equal  tn  about  2  B.T.U.  An  air  space  sealed  off  bennedcally  be- 
tween two  walls  ha.s  the  average  temperature  of  the  outside  and  inside 
air,  hence  its  great  additional  insulating  capacity.  If  the  air  space  is 
hermetically  sealed  inside  and  outside,  it  appears  [hat  its  thickness  i> 
immaterial ;  ha  If -an  inch  is  as  good  as  three  inches. 

If  a  wall  is  constructed  of  dilTerent  matenals  having  different  knonn 
values  for  n,  viz.,  n,.  //;,  «o,  etc.,  and  the  respective  thicknesses  in  f«l 
'/|,  //„  </).  the  value  «  for  such  a  compound  wall  may  be  found  after  tlie 
formula  of  Wotperl,  vii  :  — 


In  case  of  an  air  space  perfectly  sealed  off  the  factor  «  may  be  dete^ 
mined  for  that  portion  of  the  wall  between  the  air  space  and  the 

outside,  which  value  is  then  inserted  into  the  formula — 

But  in  this  case  while  /,  stands  for  the  maximum  outside  temperatuiQ 
(  stands  for  the  temperature  of  the  air  space,  which  may  be  averaga 


'm  the  inside  and  outsiJe  temperature,  taking  intu  ronsiiieration  the 
ndticiibility  and  thickness  of  the  component  parts  uf  the  wall. 
Fig.    162  is  a  vertical  section  through  the  end  of  a  refrigerating 


amber    as    designed    by    the    Pulsometer    Engineering    Compi 
mited,  showing  an  arrangement  of  cooling  pipes  on  the  brine  circu- 


rcu-    ^^M 
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lation  system.     The  pipes  are  of  galvanised  wrought  iron,  which,  being 
very  much  lighter  and  thinner  than  those  formed  of  cast  iron,  ensure 


•   •«•»•• 


^^^=f 


Fig.  163.  —Arrangement  of  Cooling  Pipes  in  Ceiling  Lofts.     Transverse  Section. 


the  maximum  amount  of  head  room,  and  thw'eby  enable  a  considerable 
amount  of  space  to  be  economised. 

Fig.    163   is   a  transverse  section   through   cold    storage-rooms  or 
chambers  with  the  cooling  pipes  arranged  in  ceiling  lofts. 


H' 


/\A/' 


\J^  k    \if 


'^yy-zv-^/-'  v\/^ 


Fig.  164  -  Hill's  Arrangement  for  refrigerating^  Cold  Rooms  or  Chambers. 

Diagrammatical  Wew. 
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In  the  British  patent  of  F.  B.  Hill,  No  16253  of  1889,  is  described 
an  arrangement  \\\  which  the  refrigerating  apparatus,  shown  in 
Fig.  164,  is  located  on  a  floor  above  the  cooling  chamber.  This 
airangement,  moreover,  permits  the  circulation  of  the  cooling  medium 
by  gravity,  so  that  the  use  of  pumps  or  other  machinery  for  effecting 
such  circulation  can  be  dispensed  with,     h  is  the  refrigerator  tank; 


Fig.  165.— -Hill's  Arrangement  for  Refrigerating  Cold  Rooms  or  Chambers. 
Elevation  of  Chamber  partly  in  Vertical  Section. 


H*  is  another  tank  or  vessel  which  is  preferably  arranged  at  a  lower 
level  than  the  refrigerator-tank,  and  is  connected  therewith  by  means 
of  pipes  J  in  such  a  manner  that  a  constant  circulation  of  the  brine 
or  other  non-congealable  liquid  from  one  tank  to  the  other  will  be 
maintained  by  gravity  during  the  refrigeration  of  the  liquid. 

It  is  stated  by  the  inventor  that,  by  the  use  of  tanks  connected  in 
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this  maimer,  the  reseni.ir  or  store  of  cold  is  greatly  increased.  The 
bottom  of  ihe  cooling  tank  h'  may,  If  desired,  serve  as  the  top  of  the 
chamber  to  be  cooled,  as  shown  in  Fig.  165, 

The  bottom  of  the  tank,  h'  is  fomied  with  a  series  of  V'Shaped 
portions  or  corrugations  h',  and  suitable  gutters  or  channels  k  are 
arranged  beneath  the  tank,  so  that  any  moisture  collecting  on  llie 
underside  will  flow  to  the  lower  edges  of  the  corrugations  or  V-shaped 
portions,  and  will  fall  into  the  gutters  or  channels,  wherehy  il 
will  be  conducteil  away  to  any  convenient  place.  The  dripping  of 
moisture  from  the  under  surface  of  the  tank  into  the  room  or  chamber 
to  be  cooled  is  thus  avoided.  This  arrangement  aJso  increasies  the 
area  of  cooling  surface  and  the  strength  of  the  bottom  of  the  lank. 

In  a  later  patent,  viz..  No.  20509  of  i8go,  the  same  inventor 
describes  means  for  removing  snow  or  hoar-frost  from  the  refrig«atu^ 
surfaces  used  for  cooling  air,  which  consists  in  the  employment  of 
rotating  screw-blades  or  conveyors,  or  of  annular  or  other  suitable 
scrapers,  or  brushes  arranged  to  move  10  and  fro,  or  up  or  down,  in 
contact  with  the  surfaces  to  be  cleared.  These  screw  conveyors, 
scrapers,  or  brushes,  are  placed  within  or  outside,  or  both  within  and 
outside,  the  refrigerating  tubes  or  chambers. 

F.  N.  Mackay,  No.  16745  of  1886,  provides  for  the  combined 
utilisation  of  cold  air  from  an  air  expansion  m.ichine  and  brine  cooled 
by  an  absorption  or  compression  machine.  The  rooms  or  chamber 
are  partly  cooled  by  the  cold  air,  and  the  brine  from  the  latter  machine 
is  circulated  tlirough  an  arrangement  of  pipes  in  the  cooling  chambefr 
to  which  brine  pipes  comigated  metal  sheets  are  attached  to  increa* 
the  refrigerating  effect.  Or  the  corrugated  metal  sheets  may  b< 
formed  into  narrow  chambers  to  recdve  the  brine  directly. 

To  increase  the  effective  surface  of  cooling  pipes  F.  S.  Thomas, 
No.  2568  of  1 888,  forms  them  with  four  concavities,  or  approximatdy 
star-shaped  in  trans\erse  section,  and  also  employs  lugs  or  ribs. 

A  plan  of  chilling  and  freezing  by  a  circulation  of  cold  brine  no 
the  wall  system  has  been  patented  by  Hall.  In  this  arrangement  the 
congealing  or  freezing  room  or  chamber  is  fitted  with  parallel  hollo# 
or  cellular  walls  constructed  of  steel  or  iron  plates,  and  situated  al 
short  inten'aJs  apart.  The  carcasses  to  be  chilled  or  frozen  are  hui^ 
in  the  spai.'es  or  passages  left  between  these  walls,  which  latter  ca: 
maintained  at  a  very  low  temperature  by  the  cold  brine  circulating 
there  through.  An  advantage  possessed  by  this  method  is,  that,  owin^ 
to  the  extensive  surfaces  afforded  by  these  hollow  or  cellular  wall* 
or  plotes,  on  intense  cold  can  be  rapidly  prculuced,  and  the  heat  very 


COLD   ROOMS    OR    CHAMBERS.  265 

« 

expeditiously  abstracteil  from  the  carcasses,  which  are  thus  quickly 
frozen  cmt  congealed.  On  this  account,  as  the  space  taken  up  by  the 
hollow  walls  is  so  trifling  as  not  to  necessitate  any  increase  in  the 
dimensions  of  the  freezing  chamber  for  a  given  number  of  carcasses, 
the  proportion  usually  allotted  to  the  latter  may  be  reduced,  and  a 
saving  of  labour  and  of  depreciation  through  handling  is  also  effected. 
The  carcasses  when  frozen  are  at  once  removed  to  cold  stores  or 
chambers  kept  at  a  proper  temperature  for  preserving  the  contents,  by 
a  circulation  of  brine  through  a  system  of  pipes  arranged  near  the 
ceiling ;  or  air,  cooled  in  the  machine-room,  may  be  circulated  through 
the  chambers  for  a  like  purpose. 

On  the  other  hand,  however,  these  hollow  or  cellular  walls  are 
apparently  open  to  the  objections  that  they  are  somewhat  more  difficult 
to  maintain  tight  and  free  from  leakage  than  a  system  of  pipes.  The 
shallow  space  left  between  the  walls  would  also  seem  to  be  liable  to 
become  choked  by  any  foreign  matter  in  the  brine,  and  from  deposits 
from  the  latter;  this,  however,  is  said  not  to  be  found  to  be  the  case 
in  practice  ^ith  brine  circulation,  and  the  arrangement  is  not  suitable, 
or  intended,  for  the  direct  expansion  system. 

In  order  to  facilitate  and  hasten  the  operation  of  chilling  and 
freezing,  and  lessen  the  handling  to  which  it  is  necessary  to  subject 
the  carcasses,  an  arrangement  for  slowly  traversing  the  latter  through 
the  freezing  or  congealing  chamber  or  room  has  also  been  devised  by 
the  same  inventor,  wherein  an  endless  chain  provided  with  hooks  at 
proper  intervals  for  hanging  the  carcasses,  and  operated  by  suitable 
gearing,  is  provided. 

A  patent  was  taken  out  in  the  beginning  of  the  year  1895  by  Sir 
A.  S.  Haslam  for  an  improved  apparatus  for  cooling  air  to  be  circulated 
through  cold  storage  rooms.  The  main  feature  of  this  invention  con- 
sists in  the  provision  of  an  air-cooler  or  chamber,  wherein  the  air  or 
other  gas  to  be  cooled  is  carried  between  a  number  of  fixed  vertical 
metal  plates,  down  which  cold  brine  or  other  uncongealable  liquid 
is  constantly  caused  to  flow.  These  plates  or  diaphragms  are,  as 
shown  in  the  plan,  Fig.  166,  which  illustrates  an  arrangement  for  use 
in  connection  with  a  meat  chamber,  preferably  of  a  corrugated  form, 
and  their  lower  extremities  are  placed  either  in  or  above  a  receiver 
for  the  liquid  which  trickles  down  their  surfaces. 

To  maintain  the  plates  or  diaphragms  at  suitable  distances  apart, 
and  parallel  one  with  the  other,  distance-pieces  or  blocks  are  placed 
between  them  at  the  top  and  bottom,  which  distance-pieces  have  lugs 
or  recesses  on  their  sides  to  provide  passages  for  the  liquid.     The 
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\a^  of  the  upper  dislance-jHeces  form  the  bottom  of  a  tank  supplied 
with  the  cold  liquid,  and  from  which  it  flows  down  the  plates  in  thin 
streams;  and  they  have,  moreover,  vertical  projections  at  each  end, 


which  together  form  the  ends  of  the  tuik.     Above  this  tank  are  situated  \ 
suitable  numbers  of  troughs  or  pipes,   and   a  shower  of  brine  at  »   f 

1  lemperature,  drawn  or  lifted  from  the  receiver  below,  in  which  it  i* 
cooled  by  a  pump  or  otherwise,  is  distributed  over  the  bottom  of  the 
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per  tank,  from  whence  it  trickles  down  the  surfaces  of  the  corru- 
ted  or  other  plates,  or  diaphragms.  Through  the  spaces  or  clear- 
ces  provided  between  these  plates  a  current  of  air  is  driven  by  means 

a  fan  or  blower,  the  blast  being  divided  by  the  corrugated 
ates  into  a  number  of  thin  sinuous  currents,  and  being  reduced  to  a 
ry  low  temperature  by  impinging  against  their  surfaces  and  the  cold 
lid  trickling  down  their  sides.  It  has  been  found  in  practice  to 
?  preferable  to  place  the  above-described  plates  or  diaphragms  as 
Qse  together  as  can  possibly  be  done  without  injuriously  checking 
e  flow  of  air. 

Flat  plates,  or  plates  with  horizontal  corrugations,  are  not  found 

be  so  advantageous,  because  the  air  can  pass  between  them  in  a 
raight  line,  instead  of  being  compelled  to  wind  backwards  and 
rwards  between  the  corrugations  and  impinge  again  and  again  against 
le  cold  liquid  and  the  surfaces  of  the  plates;  in  the  case  of  fiat 
ates,  moreover,  they  have  to  be  much  thicker  in  order  to  ensure  the 
quisite  stiffness. 

This  cooling  battery  is  said  to  have  given  very  favourable  results 
ider  most  exhaustive  practical  tests. 

Another  arrangement  for  cooling  air  for  circulation  through  cold 
Dfage  rooms,  which  was  patented  in  the  latter  end  of  the  year  1900 
r  Mr.  T.  Douglas,  is  shown  in  vertical  central  section  in  Fig.  167. 
tie  construction  of  the  apparatus  is  almost  sufficiently  apparent  from 
e  drawing.  It  consists  briefly  of  a  cylindrical  or  other  tower  or 
ceptacle  suitably  insulated  and  having  a  chamber  charged  or  filled 
th  coke  broken  up  into  pieces  of  suitable  dimensions.  Above  this 
large  of  coke  is  provided  a  rose  spraying  apparatus  by  which  cold 
ine  from  the  evaporator  or  refrigerator  of  the  machine  is  distributed 
er  the  coke  and  trickles  down  over  the  same  to  a  brine  reservoir 

the  bottom  of  the  tower,  from  which  it  is  pumper]  back  to  the 
aporator  or  refrigerator.  The  air  to  be  cooled  is  forced  into  the 
►ttom  of  the  tower  by  means  of  a  suitable  fan,  and  up  through  the 
.ke  to  a  cold-air  delivery  trunk  through  which  it  is  conducted  to 
e  cold  storage  chamber. 

A  series  of  tests  carried  out  with  an  air-cooling  apparatus  of  this 
scription  at  Messrs.  Wm.  Douglas  and  Son's,  Ltd.,  Works,  Putney, 
lowed  a  high  degree  of  efficiency,  and  gave  in  ever)-  case  a  remark- 
>le  approximation  between  the  temperature  of  the  air  at  the  exit 
om  the  cooler  and  that  of  the  brine  return  to  the  evaporator.  This 
)proximation  became  closer,  when  the  refrigerating  machine  was  shut 
3wn,  as  the  temperatures  of  both  the  brine  and  the  air  rose,  and 
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proied  that  the  coke  was  an  excellent  medium  for  bringing  the  air  ir 
contact  with  a  ver^'  large  surface  of  cold  brine  and  thus  extracting  t 
maximum  of  heat  from  ihe  air.  A  suitable  spray-trap  can  be  provid 
in  ihe  cold-air  delivery  trunk,  or  other  means  adopted  for  drj-ing  the  a 


The  brine  can  be  kept  up  to  a  proper  density  by  wther  periodical  c 
centration,  or  bv  running  out  the  surplus  brine  and  strengthening  I 

An  advantage  possesseil  by  (his  apparatus  is  its  relative  cheapnt 
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ind  it  can  also  be  readily  modified  in  design  to  suit  different  require- 
ments. For  instance  it  may  be  elevated  above  the  level  of  the  evapo-  - 
talor  or  refrigerator  so  that  the  brine  will  return  to  the  latter  by 
gravitation,  or  where  this  is  not  possible  it  may  be  connected  to 
I  brine  storage  tank,  from  which  the  brine  can  be  pumped 
back  to  the  evaporator,  or  the  foot  of  the  tower  may  be  made  into 
a  brine  storage  tank  as  shown  in  the  illustration.  The  evaporating 
cwls  may  be  placed  in  the  lower  part  of  the  tower,  thus  combining  Eur- 
Woler  and  evaporator  in  one  apparatus.     In  cases  where  height  is  not 


available  two  or  more  towers  may  be  placed  aJongsiiie,  or  a  horizontal 
lower  may  be  formed  with  diaphragms  dividing  the  coke. 

Other  arrangements  for  cooling  air  by  direct  contact  with  cold  brine 
are  the  use  of  rotating  discs  dipping  in  the  cold  brine,  sacking  or 
canvas  saturated  with  cold  brine,  etc.  Attempts  have  also  been  made 
to  draw  ot  force  air  through  a  body  of  cold  brine,  but  this  latter 
method  does  not  appear  to  have  proved  a  practical  success. 

In  Fig.  168  is  shown  in  vertical  central  section  an  arrange- 
ment designed  by  Mr.  Madison  Cooper  for  washing,  cooling,  and 
drying  air,  more  especially  for  use  in  cold  storage  rooms  for 
eggs.       This    apparatus    consists    of     three    parts,     viz.,     first,     an 
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air-washing  tank,  in  which  the  air  is  raused  lo  flow  upwanli 
against  a  rain  of  water  from  a  peiforated  diaphragm  al)ove.  This  nrt 
only  cools  the  air  to  the  temperature  of  the  water,  say  55'^  or  60' 
Fahr.,  but  it  also  takes  nut  a  large  portion  of  (he  impunties  of  varioiu 
kinds.  From  this  washing  tank  the  air  is  passed  on  in  a  comparativel; 
pure  and  cool  state  to  lie  still  further  reduce]  in  tenaperature.  Thii 
latter  operation  is  performed  in  the  second  part  of  the  apparatus,  wluch 
consists  of  a  cooling  tank  having  brine-cooled  or  direct  expansion 
pipes  by  contact  with  which  thi?  air  is  reiluced  lo  a  temperature  sei-eral 
degrees  lower  than  that  of  the  storage  room  or  chamber.  This  cooling 
r<-m'n>"i  iHp  gr.-.il^r  porii'Ti  ..f  the  niMitmre  which  hr.Ms  in  Mispen^on 


mPi 


the  few  impurities  which  may  have  passed  the  washing  tank,  the 
moisture  being  deposited  on  the  frozen  surfaces  within  the  cooler. 
From  the  cooler  the  cold  purified  air  is  passed  into  the  third  pan 
of  the  apparatus  or  dr)'ing-bo>;,  which  contains  chloride  of  calcium. 
In  this  drier  any  moisture  that  may  be  carried  over  from  the  cooler 
is  taken  up  or  absorbeti  by  the  chloride  of  calcium,  which  is  a  well- 
known  hygiosciipic  or  deliquescent  substance. 

Fig.  169  shows  in  transverse  section  a  beef  chill-room  fitted  wiUi 
the  De  La  Vergne  patent  pipe  system,  a  description  of  which  has  been 
already  given  in  a  previous  chapter.  The  pipes  are,  it  wiL  be  seen, 
in  this  instance  arranged  at  the  sides  and  at  the  centre  of  the  chill- 
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roftui,  anil  drip-trays  ur  tnmghs  are  providoJ  to  catch  and  carry  off  any 
water  falling  from  the  cooling  pipes,  upon  the  exterior  surfaces  of  which 
the  moisture  present  in  the  atmosphere  of  the  room  or  chamber  be- 
comes condensed,  dther  in  the  furm  of  water  or  of  hoar  frost.  In  the 
latter  case  dripping  is  liable  to  conuDGnce  on  any  rise  of  temperature 
in  the  room  or  chamber  by  reason  of  the  shutting  down  of  the  machine 
or  from  other  cause.  This  dripping  is,  as  has  been  already  mentioned, 
more  especially  liable  to  occur  in  cases  where  the  direct  expansion 
system  of  cooling  is  in  use. 


Fig.  170  is  a  sectional  view  shcnving  the  arrangement  of  a  cold  stwe 
with  be«f  chill-rooms  cooled  or  refrigerated  by  means  of  a  Haslair 
patent  brine  air-cooling  battery. 

The  open  trough  system  has  been  already  alluded  to,  and  it  is  one 
of  great  simplicity,  and  is  frequently  used  for  the  hog  cooling  rooms  in 
bacon  factories.  Two,  three,  or  other  suitable  number  of  troughs  are 
usually  placed  in  line,  vertically,  one  above  the  other,  over  each  hook 
or  banging  rail,  and  the  flow  of  brine  can  be  regulated  by  any  well- 
knim-n  and  convenient  means.  A  large  surface  of  cold  bi 
this  wstem  advantageouiily  exposed  for  absorbing  heat ;  on  the  other 


I 
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hand,  howwer,  the  open  troughs  have  the  disadvantage  erf  taking  Uj 
a  very  consirierable  amount  of  valuable  space. 


i 


The  cooling  pipes  are  arranged  in  the  chilling,  cooling,  and  c 
rooms  of  bacon  factories  in  a  number  of  other  different  ways,  1 
system  having  frequently  to  be  specially  adapled  to  the  existing  buii  ' 
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ngs.      Sometimes  the  said  pipes  are  placed  in  the  form  of  coils  in  a 

separate  chamber  or  loft  provided  in  the  ceiling  of  the  main  room  or 

-hamber  (as  shown  in  Fig.   171,  which  shows  an  installation  on  the 

.lirect  expansion  system),  and  air,  admitteil  through  suitable  apertures 

crom  the  room  beneath,  or  by  means  of  ventilators,  and  cooled  by 

passing  over  the  surface  of  these  coils,  is  allowed  to  circulate  by 

gra\'ity,  or  is  rapidly  circulated  by  means  of  fans  through  the  room 

l>elow.     A  somewhat  similar  arrangement  of  brine  or  cooling  pipes  is 

also  often  employed  in  beef  and  other  meat  rooms.     An  advantage 

of  this  plan  is  that  it  effectually  prevents  any  dripping  and  moisture 

in  the  chill-room. 

In  an  arrangement  designed  by  Mr.  Puplett,  the  refrigerating  pipes 
or  coils  and  circulating  fan  are  fixed  in  a  separate  compartment  quite 
distinct   from   the  cold   rooms,   but   connected   therewith   by   trunks 
or  ducts.     The  cooling  is  efiFected  by  the  constant  circulation  through 
the  chill  or  meat  rooms  of  a  current  of  air  that  has  first  been  cooled 
^y  passing  it  over  the  refrigerator.     The  air  is  washed  and  purified  by 
being  passed  through  a  series  of  sprays  of  cold  brine,  and  then  over 
the  refrigerator,  by  which  it  is  dried   and  reduced   to   any  desired 
temperature.     The  fan  draws  the  air  from  the  rooms  through  the  suc- 
tion trunk,  and  returns  it  by  the  delivery  trunk  after  it  has  passed 
through  the  refrigerating   chamber  and   been   washed,   cooled,   and 
dried ;  the  air  thus  becomes  colder,  and  is  purified  each  time  it  passes 
over  the  refrigerator. 

Another  method  of  arranging  the  cooling  pipes  in  a  chill-room  is 
to  provide  coils  on  the  sides  thereof,  or  where  the  chamber  is  of 
considerable  dimensions,  in  rows  placed  vertically  at  suitable  intervals 
lengthways  of  the  latter,  the  carcasses  being  suspended  by  hooks  in 
the  usual  manner  from  meat  or  hanging  rails,  situated  overhead, 
between  the  coils. 

When  the  refrigwating  pipes  are  placed  directly  in  the  cold  store, 

suitable  drip  trays  (as  sho>vn  in  Fig.  169)  can  be  provided  if  required. 

Refrigerating  machines  are  likewise  ver>'  advantageously  employed 

in  bacon-curing  factories  or  works,  for  enabling  mildly-cured  bacon 

to  be  produced  in  summer,  by  artificially  reducing  the  temperature  of 

the  chill-rooms  and  curing-cellars. 

A  usual  arrangement  is  shown  in  Fig.  172,  which  comprises  rows 
of  cast-iron  flanged  pipes  which  are  fixed  overhead,  preferably  sus- 
pended from  the  ceiling,  over  the  whole  area  of  the  chill -rooms  and 
curing  cellars,  and  through  which  system  of  pipes  brine  cooled  in  the 
usual  manner  is  circulated  so  as  to  lower  the  temperature  of  the 

T 
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rooms  to  about  40^  Fahr.  By  means  of  cocks  provided  on 
different  branch  mains  the  speed  of  the  flow  of  brine  through  the 
variiHis  circulations,  and  consequently  the  temperature  of  the  rooms, 
can  be  regulated,  and  reiluced,  or  increased  at  pleasure.  In  factorie* 
of  moderate  size  the  machine  may  usually  be  stopped  at  night  and  on 
Sundays,  the  cold  stored  up  in  the  brine  in  the  pipes  being  enough  t( 
keep  the  temperature  of  the  room  sufficiently  low ;  in  very  hot  weathM, 
and  in  very  large  establishments,  howeier,  the  machine  will  have  to  b&, 
run  continuously  night  and  day. 

Both  the  chill  or  cooling-rooms  and  the  curing-cellars  are  fi 


Fig.  \'l  — Atranytn 


Factory 


•■k; 


up  in  practically  the  same  manner  the  work  in  the  chill  or  cnolio0 
rooms  where  the  hot  meat  is  cooled  down  la  much  greiter  m  propotOC** 
to  their  size  however  and  is  moreover  intermittent  consequently  '^ 
proportionately  larger  number  of  bnne  pipes  are  placed  therein  a*** 
the  bnne  is  turned  on  or  off  as  the  rooms  are  full  or  enipt\  on  tt* 
other  hand  the  work  in  the  i  unng  cellars  is  less  and  regular  afl* 
therefore  a  nnich  smaller  numliM-  of  bnne  pipes  are  required  the  cjr^ 
lation  of  bnne  being  kept  up  all  the  tune  the  machine  is  runnini 
a  perfectly  steady  and  e\en  temperature  maintained 


The  reason  that  artificial  refrigeration  is  now  imperatively  required 
lacon-ciiring  works  is  on  account  of  the  demand  that  has  arisen  for 
j-curetl  bacon.  Formerly  the  pigs,  after  being  killed,  were  cooled 
ply  by  exposure  to  the  atmospheric  air,  being  subsequently  cured 


Underground  cellars  at  the  temperature  of  the  earth,  or  from  51°  to 
i    Pahr,     In   order  to  prevent  the  rapid  decomposition,  and  con- 
<iuent  taint  of  the  bacon  which  would  otherwise  inevitably  occur 
'*«  comparatively  high  temperatures,  the  latter  was  charged  with 


on-  ^^ 
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excessive  amount  of  salt  as  a  preventative.  This  excessive  salting  was 
indispensable  in  summer  especially,  when,  indeed,  (Turing  was  almost 
prevented,  although  bacon  at  that  season  is  in  the  greatest  iJemand, 
and  the  highest  prices  are  obtainable.  The  modem  requirement, 
however,  for  more  and  more  mild-cured  bacon  has  rendered  abso- 
lutely necessary-  an  artificial  reduction  of  the  temperature  of  the  chill- 
rooms  and  curing-cellars. 

The  first  attempts  in  this  direction  were  made  by  constructing  the 
cellars  with  iron  cdlings,  on  the  tops  of  which  were  stored  large 
quantities  of  ice,  a  system  which  is  foimd  to  be,  when  properly  carried 
out,  sufficienlly  effective,  but  is  very  expensive,  not  only  by  reason  of 
the  first  cost  of  the  iron  ceilings  and  the  necessary  supports,  but  also 
by  reason  of  the  space  occupied  by  the  ceilings  ant!  ice  chambers, 
and  furthermore  on  account  of  the  large  outlay  entailed  for  the  ice 
itself,  and  the  labour  of  handling  it.  There  is,  besides  this,  the  risk 
of  the  supply  of  ice  running  ."ihort  in  the  hot  weather,  with,  of  course, 
disastrous  results. 

Fig.  1 73  is  a  horizontal  section  showing  a  plan  of  a  small  cold 
storage  chamber  of  1,000  cubic  ft.  capacity,  adapted  for  such  service 
The  refrigeration  is  effected  by  a  Haslam  cold-air  machine,  of  6,000 
cubic  ft.  per  hour  capacity,  arranged  to  be  driven  direct  by  means  of 
a  gas-engine.  A  is  the  gas-engine  cylinder,  B  the  air  compression 
cylinder,  and  c  the  expansion  cylinder.  The  air  compression  cylinder  b 
is  arranged  hnrizonlally  in  front  of,  and  in  line  with,  the  cylinder  a  of 
the  gas-motor,  and  the  expansion  cilinder  c  is  placed  vertically,  and 
works  a  ilisc  secured  upon  the  opposite  end  of  the  cranlt  shaft  from 
the  fly-whed. 

The  advantages  of  a  gas  motor  for  driving  the  small  cold-air 
machine  required  for  an  installation  of  this  description  are  oln'ious,  and 
comprise;  non-i nrrea.se  of  fire  insurance  premium,  and  ability  to  start 
the  machine  at  any  time,  without  having  to  wait  to  get  up  the  neces- 
sary steam  pressure  in  a  boiler,  as  must  he  done  in  the  case  of  a 
steam-driven  cold-air  machine,  ami,  moreover,  except  where  gas  is  at 
an  abnormally  high  price,  a  considerable  economy  in  cost  of  running. 

Fig.  174  is  a  perspective  view,  the  end  wall  and  a  ptwlion  of  the 
front  wall  being  removed,  showing  a  small  cold  store  or  chamber, 
refrigerated  by  means  of  a  Puplett  patent  ammonia  compression 
machine,  which  chamber  is  especially  designe^l  for  butchers,  bacon- 
curers,  dairymen,  fish  and  game  dealers,  etc.  Chambers  of  this 
description  ar«  con-iitrurted  with  an  outer  and  an  inner  skin,  each  of 
which  is  composed  of  (wo  layers,  of  i  in.  fongueil  and  groovevl  boards, 
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put  together  perfectly  air-tight,  anJ  having  an  intervening  space  or 

clearance  of  about  8  in.,  filled  with  charcoal,  cork,  or  other  good  non- 

iducting  material.     The  dimensions  of   the  chambers,   as   usually 

(nstructed,  vary  from  a  storage  capacity  for  frozen  meat  of  6  to  50 

ns  or  more,  and  their  daily  meat-cooling  capacity   to   32'-'   Fahr., 

ins  from  20  cwL  up  to  200  cwt.  or  more. 

In  Fig.  175  is  shitwn  in  vertical  section  a  small  cold  storage  room 
>oIed  by  a  Triumph  ammonia  compression  machine,  which  would  be 
litable  for  an  hotel  ur  private  residence.     A  plant  of  this  descriptio 


l-"ig.  17J.— ^in.ill  C'did  Slore  lor  Kunlitrs,  elc.     l.noleil  by  an  .■X.mniiinU 
Compie&siim  Machine. 

can  be  readily  operated  by  an  'brdinary  man  with(jut  the  help  of  a 
skilled  attendant,  and  would  only  require  about  an  hour's  attention 
during  the  day.     The  brine  tank  shown  in  the  drawing  keeps  the  refri- 
gerator or  coid  storage  chamber  cold  during  the  night.     The  com- 
b  pressor,  which  is  of  the  double-acting  horizontal  type,  is  mounted  upon 
J  %  strong  tank  forming  the  conden.ser,  and  can  be  operated  by  any 
I  available  source  of  puwer.     A  description  of  the  Triumph  compressor 
I  will  be  found  in  ihe  chapter  upon  "  Ammonia  Compression  Machines." 
Fig.    176  depicts  the  arrangenaent  of  a  one-ton  ire-making  and 
I  refrigerating  plant  in  an  hotel,  in  which,  it  will  be  seen,  a  number  uf 
Kteparate  cold  storage  rooms  or  chambers  for  different  classes  of  pro- 
K^iuons  are  provided.     This  installation  is  cooled  by  an  ammonia  com- 
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pression  machine  maiJe  by  the  A.  H.  Bartier  Maiiufarturing  Companv, 
Chicago,  which  type  is  also  described  in  the  chapter  mentioned  abnve. 

It  is  usually  advisable  to  provide  in  the  kitchen  nf  an  hold,  or 
adjarent  thereto,  a  short  order  box,  which  enables  the  too  frajuenl 
opening  of  the  main  cold  storage  room  or  chamber  to  he  avmded. 
This  box  may  be  cooled  by  a  set  nf  pipes,  through  which  the  cold 
brine,  or,  when  direct  expansion  is  employed,  the  refrigerating  gas  m 
medium,  passes  on  its  return  to  the  machine  aftw  doing  duty  in  die 
miun  cold  store  or  chamber. 

Arrangements  can  also  be  made  for  cooling  carafes,  freezing  ice 
creams,  and  cooYms  the  bar  box. 


The  cold  storage  room  in  an  hotel  does  not,  of  course,  differ  mate- 
rially in  any  respect  from  any  other,  but  the  peculiar  requirements  of 
axi  hotel,  and  the  great  difficulty  experienced  in  getting  the  sen*anli 
to  understand  the  necessity  for  judicious  and  careful  management,  are 
frequently  very  great. 

To  avoid  the  undue  admission  of  heat  to  such  cold  storage  rooms 
or  chambers  by  careless  persons  leaving  the  doors  open,  and  to  render 
it  impossible  for  anyone  using  the  cold  storage  room  to  do  this  undei 
any  circumstances,  the  author  has  de\ised  the  door  shown  in  horizontal 
section  in  Fig.  177,  and  in  vertical  section  in  Fig.  178.  This  door  is, 
it  will  be  seen,  of  a  crescent  or  semi-cylindrica!  form.,  in  horizontal  sec- 
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lilted  upon  a  central  axis,  so  as  lo  be  free  to  turn 
or  rutate  easily  thereon  in  a  siiitaJile  casing  having  two  apertures, 
the  one  opening  into  the  cold  storage  chamber  and  the  other  to  the 
exterior,  and  Iietween  the  inner  surface  of  which  casing  and  the  outer 
surface  of  the  dixtr  an  air-tight  joint  is  made  hy  means  of  strips  of 
indiaiubber,  fell,  or  the  lilie,  or  by  spring-actuated  rubber  or  felt- 
faced  strips,  ecc. 

To  use  this  door  the  apeituce  or  opening  admitting  tii  the  interior  ' 
of  the  same  is  brought  opposite  to  the  one  or  cither  of  the  apertures 
nr  openings  in  the  casing  by  revolving  the  door  upon  its  asis,  sunk 
handles  admitting  irf  its  ready  manipulation.     The  person    desiring 


i*r  i     ,------ 


to  pass  through  theti  steps  inside  the  hollow  semi-cjlindrical 
'ioor  and  rotates  it  until  the  aperture  or  opening  thereof  coincides 
with  the  other  or  serond  aperture  in  the  rasing,  when  he  can  pass  out 
through  the  latter. 

Shelves  in  the  interior  of  the  door  admit  of  a  number  of  dishes 
heing  placeil  thereon  and  moverl  into  the  coli.l  storage  chamber  at  one 
operation,  or  nf  being  turned  so  as  to  communicate  with  the  cold 
storage  chamber,  anil  brought  back  again  when  required. 

It  will  be  seen  that  it  is  impossible  to  tuni  this  door  so  as  to  open 
a  ihrough  communication  between  the  interior  nf  the  room  and  the 
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exterior,  and  the  interchange  of  air  at  each  opening  of  the  door  is 
consequently  limited  to  the  cubical  contents  of  the  hollow  or  semi- 
cylindrical  door  itself. 


Ventilation  of  Cold  Storage  Chambers. 

The  ventilation  of  cold  storage  rooms  can  be  effected  in  a  number 
of  different  ways,  but  as  a  general  rule  no  provision  whatever  of  a 
special  nature  is  made  for  the  removal  of  the  vitiated  air,  it  being 
considered  that  sufficient  change  of  air  is  brought  about  by  the  opening 
of  doors,  etc.  In  fact,  as  removing  any  of  the  cold  air  entails  the 
^necessity  of  replacing  same  by  more  air  at  the  same  low  temperature, 
-and  thereby  necessitates  additional  refrigeration,  there  is  the  same  dis- 
like to  ventilation  as  exists  in  the  case  of  a  warm  room  where  ventila- 
"tion  demands  the  admission  of  the  cold  external  air,  and  the  expendi- 
ture of  more  fuel  to  heat  it. 

The  various  expedients  resorted  to  for  the  ventilation  of  cold 
storage  rooms  comprise,  in  addition  to  the  opening  of  doors  above 
Eluded  to,  the  occasional  opening  of  windows,  where  such  exist,  the 
.^wovision  of  ventilating  shafts  in  the  ceilings,  and,  what  is  jxrhaps 
'^he  most  efficient,  by  artificial  means,  through  an  exhaust  fan  connected 
through  suitable  pipes — fitted  with  doors  or  valves — ^with  the  cold 
s^torage  room. 

When  ventilating  shafts  are  provided,  and  there  are  a  number  of 
^;old  storage  rooms  contained  in  the  same  store,  the  ducts  or  pipes 
•nay  be  placed  in  the  corridors,  each  room  being  connected  thereto 
t:hrough  a  pipe  with  a  valve  or  damper  so  as  to  enable  the  amount  of 
ventilation  to  be  properly  regulated,  and  the  various  ducts  or  pipes 
from  the  corridors  having  a  common  termination  in  the  chimney  stack, 
\¥hich  latter  provides  a  means  for  efficiently  ventilating  the  rooms  at 
all  times. 

It  must  be  remembered  that  in  cold  storage  rooms  or  chambers  the 
air  being  cold  sinks  to  the  bottom,  and  that  the  tendency  is  therefore 
for  it  to  escape  through  the  crevices  about  the  doors,  or  when  the 
latter  are  opened,  and  thereby  create  a  down-draught  so  as  to  render 
any  attempt  to  ventilate  by  means  of  a  short  shaft  without  artificial 
means  to  produce  an  air  current  abortive. 

Moisture  has  the  property  of  absorbing  gases  and  impurities,  and 
ccmsequently  the  moisture  in  the  air  of  a  cold  storage  room  will  take 
up  all  the  wnanations  from  the  stored  products.     It  follows  therefore 


zSi  REFRirfERATTOX  AJTH  COLD   STORAGE. 

:hac  i  -iuif  ur  H.'*  mi  s^^.uently  reliec-iii  ot  it*  moisture  it  wUl  be  p 
■=(Taily  purriei  is  fflr«t    r  -hese  sajes  rm  be  reaiove*L 

AIL  itsic^phHTr:  ur  ~or.uina  tlie  gernu  -if  t'ungus  or  mould,  «hicfa 
firms  ii^  ■■■iT;  .n.-i-ijr  i.^>M  mI  amier  foch  iAvr>urable  conditions  ap 
The  pr».?nce  r  i  jrw  iaii-;unt  of  nn-isnifi  in  cbe  air.  and  high  i 
prtfaiurw.  hut  iTi  ieatPjyeT;  in<i  temoveti  from  lir  in  a  dry  and  cool 
'^jmiii.ijT..  Thijt  B.Linir*  ■■an  iniT  fae  remiiv*!  bj"  insuring  a  projw 
'•-irrniaEJr.n  .:.f  die-  air  ■,*'  a  i:ijLii  Jtijtage  ro>«i  relatively  to  the  article 
*ti'-r-s:  -leriin  ini:  -iie  rasriieiating  pipes  ■  r  ■jther  coining  surfaces. 

Cncxr-ATTOS  or  Am  in  Cgu  Stokxce  Ciluibebs. 

The  Tlrrulasiin  .rf  air  in  cold  stonge  DOms  or  chambers  is  a 
tnatter  •■*.  primart  imp:  rarare.  aal  i  oe  whii:h  in  !■»  many  cases  does 
n«  r««-i*  :he  arenri'  r  ^Eu'rh  it  desene*,  with  the  result,  mnre 
■isp'^all;  ir.  tfajf  'ra.i*  ■.[  -iir—'Ji  r.'ras  ijC  chambers.  :hai  the  cnniiition 
■;f  ".ri'i  3.r.T:j  'pbrr*  ia  i."i;trJnj  bt;t  satisfa'Tt'. t^'.  an^i  grejt  difficulty  i( 
■jipCTifT.i'iji  ir.  keeping  pro^jiona  in  g--:-!  C!>n.Ji:i.  n  in  them. 

Th— -:  ar-i  ■.^.:  main  iys:i-r.4  -jf  air  cip:ulacion  in  u.-e,  ^i.,  the 
gra-.  i-y  air  -:r:t;:a::'  r.  an^:  the  rr.echany-al  or  f'frce-i  air  circulation. 

Th«  :'■  li'.-w;r._;  par;c-:L3r*  are  esttnitei  itovci  three  interesting  .mJ 
in.i-n;':-:--:  iri.ies  by  Mr.  Mad:*.*  Cij-htf.  a  \ve;i-kni-*wn  expert  upon 
re'n,i-*fi-ir,j  ^,-^'.-*x--  in  the  United  States,  and  which  articles  appeared 
in  tfv:  Ar^^LrT':.:.-!  ]•  urn,-.:  /.-.f  -ind  Reir-.ger-iU.^n,  fr.r  May.  June,  and 


•  NtETHOtJS    Of    I'lPTNG    THAT    HINDER    CIRCULATION'. 

'■  W'hf^  mechani'.-al  refrigtiation  first  came  into  the  field,  the 
arranK»:m':.it  'f  iidoling  surfaces  and  a  provision  for  air  circulation  was 
ti»:;;lt;fti:d  ali'nu  a.s  it  was  1a  the  jjioneers  in  natural  ice  re  frige  rai  ion, 
'[  li';  oy.ling  pipes  wftr..-  place<l  almost  anj-where.  r^^ardless  of  the  la«s 
'if  gr.nily  which  control  air  circulatiim.  At  first  the  ceiling  of  the  room 
was  .1  f.TMiiiriie  place  for  locating  the  coils  of  pipe  for  cooling  the  room. 
'Ili>-  <r':ilirig  was  uti!i)j(;d  l)ecause  thus  the  pipes  were  out  of  the  wsy 
in  jtilitif;  nj.  goods,  and  also  on  the  theory  that  "  cold  would  naturillv 
droji."  Ciiid,  or,  inon.-  airuraielv  sjicaking,  cold  air,  will  naturally 
drop,  liul  [jlaring  the  pipes  on  the  ceiling  of  a  room  will  not  assist  the 
rirciil.iiion;  it  will,  in  fact,  produce  practically  no  circulation 
iit  all  if  the  whole  ceiling  of  the  room  is  covered  with 
|ii|ics  iiiiifonnly.     Ceiling  pipes  have  generally  been  abandoned  for  the 
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more  rational  method  of  placing  the  pipes  on  the  side  walls  of  the 
room. 

"Fig.   179  shows  ceiling  piping,  and  should  make  plain  why  no 


'////{///////////////////////^^^^^ 


iJ^^h^K  '<-W^ 


o     r 


A 


IT  i^twi 


I 


J 


.1 


i 

^</\"i 


/> 


y 


^g»  179- — Diagram  showing  Gravity  Air  Circulation  in  Cold  Storajje  Room 

Chamber,  with  Ceiling  Piping. 


^^X:ulation    is    created    when    the    pipes    cover    nearly    the    whole 
^I>  of  the  room.     As  is  well  known,  cold  air  is  heavier  than  warm 


f 
'i 


|r~-s^\\ 


V/\  STRflTB  or  USRM  niQ  W. 


W\ 


J 


••/' 


Fig.  180. — Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room  or 

Chamber,  with  Side  Wall  Piping. 


air  and,  if  free  to  move,  the  cold  air  will  seek  a  lower  level  than 
the  warm  air.  This  movement  of  the  cold  air  downward  and  the  warm 
air  upward  is  what  is  known  as  gravity  air  circulation.  A  slight  difference 


1^4.  REFItI-.£8ATtOX  AXD  COLU  STORAGE. 

ji  the  aemiMncu^  nil  :»ue  i  cacnlarujn  '-^r  lir  if  cbe  varm  anl  cold 
lir  arsKpanMri  :.-  m  ^arJi  idigrimi  sec  all»:-wed  Co  mix.  arfiidiBDdd 
laiuK  <tr.iinc«--:air^>ai3  ud  ooci  die  cmauaiica.  In  2  cold  aonp 
nrjn  :h«  iir   n  i-pmc:  v:di  "jte  ajniiae  <x]U^  id  h  is  cooled,  Bon 


fitf.   :?!. — iKi-rrix  ii 


rirmn-Mkr':  t.-,wari.i  :h«  &Xir  by  reasor.  ■,[  hs  greater  specific  graritv. 
The  rjiw.paiizi'.^i-.  warn  air  3ly>ve  b  "inwri  •ii"iwn  to  the  pipes,  where 
It  i*  in  turn  cr.'.irr'.  an.i  the  5-".w  is  C'.n timings.  If  the  entire  ceiling 
in  covererl  *;th   pipe*,  what  resula?     The  air  in  rontact  with  the 


.  iHl.— Ihaffram  shtminB  Gravity  Air  Circulation  in  Cold  Sliirage  Rot 
^■h.^m^ll■r,  wilh  Screened  Side  Wall  Piping,  and  Ceiling  Extensions. 


|ii|)cii  caiiiiiil  fall  because  it  cannot  be  replaced  by  warm  air  from 
alHrtc.  The  result  is  that  practically  no  circulation  of  air  tates  place 
in  Mii:h  a  room.  A  slight  local  circulation  in  the  vicinity  of  the  ppes 
ii  all  that  reitulls,  exceirt  under  unusual  or  accidental  conditions.     The 
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goods  are  cooled  for  the  most  part  by  direct  conduction  and  radiation ; 
the  top  tier  of  goods  would  be  cooled  directly  from  the  pipes  and  each 
tier  under  successively  from  its  neighbour  above  in  the  same  manner. 


^////////////////^///////////^^^^ 


^^%'  183.— Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room  or 

Chamber,  with  Gay's  arrangement  of  Piping. 


"  Goods  are  cooled  by  radiation  by  the  passage  of  heat  from  the 
S^XHis  directly  to  some  colder  object,  without  the  heat  being  conveyed 


Fig.  184. — Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room  or 
Chamber,  with  the  St.  Clair  Pipe  Loft  System. 

by  the  movement  of  the  air,  as  it  should  be,  and  as  it  is  where  a  good 
circulation  is  present  in  the  room.  In  a  room  in  which  the  goods 
are  cooled  by  radiation  mostly,  the  moisture  instead  of  being  deposited 
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entirely  on  the  cooling  pipes,  as  it  should  be,  is  also  likely  to  be 
deposited  on  the  walls  of  the  room  or  on  the  goods  themselves.  The 
result  of  such  a  condition  would  be  serious.  This  cooling  by  ra(tia^ 
as  compared  with  cooling  by  a  circulation  of  air,  may  seem  like  a  very 
finely  spun  theory  to  some,  but  let  the  sceptic  watch  his  house  for  a 
demonstration.  Is  there  any  practical  cold  storage  man  now  in  the 
business  who  has  not  noticed  an  accumulation  of  frost  or  moisture  on 
goods  if  they  were  piled  too  near  to  the  exposed  cooling  pipes?  ¥^ 
causes  this  result?    Radiation,  nothing  else. 

"  The  bad  effects  of  radiation  cannot  be  altogether  overcome  br 
placing  the  pipes  on  the  sides  of  the  room,  but  it  is  counteracted  to 
some  extent  by  the  resulting  circulation  of  air.  Fig.  i8o  shows  side 
wall  piping  and  the  resulting  circulation,  which  is  confined  largely  to 
a  small  space  near  the  coils.  The  arrows  show  approximately  the  path 
of  circulation.  If  the  room  is  wide,  no  circulation  at  all  will  take  place 
near  the  centre.  In  some  cases  pipes  have  been  carelessly  placed  two 
or  three  feet  down  from  the  ceiling.  This  results  in  the  air  of  the 
room  becoming  stratified — a  warm  layer  of  air  in  the  top  of  the  room 
resting  on  a  cold  layer  beneath.  This  may  be  operative  to  such  an 
extent  as  to  cause  a  difference  in  temperature  between  floor  and  ceiling 
as  great  as  lo^  Fahr.  A  case  has  come  to  the  writer's  notice  with 
exactly  these  conditions.  Another  bad  arrangement  of  side  wall 
piping  was  that  of  a  room  more  than  fifty  feet  square  piped  completely 
around  on  the  side  walls  from  floor  to  ceiling,  with  the  exception  of 
the  doors.  No  circulation  could  penetrate  to  the  centre  of  such  a  room, 
and  conditions  were  very  poor,  in  consequence. 

"  Means   for   Improving    Air    Circulation. 

"  The  placing  of  a  screen  or  apron  in  front  of  the  side  waJl  pipng, 
as  illustrated  in  Fig.  i8i,  marks  the  first  scientific  step  toward  a  better- 
ment of  air  circulation  in  a  room  with  direct  piping.  It  prevents  the 
action  of  radiation,  and  assists  the  volume,  velocity  and  area  of  circula- 
tion, hut  does  not  well  take  care  of  the  centre  of  the  room,  although  the 
increased  velocity  forces  the  air  to  cover  a  greater  area  and  flow  to 
a  greater  distance  from  the  coils.  The  screen  or  apron  should  be  of 
wood  or  any  moderately  good  non-conductor.  By  separating  the 
warm  from  the  cold  currents  of  air,  the  velocity  is  increased  on  the 
same  principle  that  a  fire  burning  in  a  flue  creates  a  greater  draught 
than  when  buming  in  the  open  air.  Radiation  is  prevented  in  the 
same  way  that  a  fire  screen  protects  one  from  a  too  hot  fire  in  a  grate, 
only  the  radiation,  as  already  explained,  is  in  a  reverse  direction. 
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"  Shown  in  Fig.  1 82  is  the  same  arrangement  of  screen  or  apron  as 
in  Fig.  181,  but  added  thereto  is  a  false  ceiling  extending  out  towards 
the  centre  of  the  room.  This  addition  to  the  perpendicular  apron 
causes  the  air,  after  circulating  over  the  coils^  to  spread  out  more 
towards  the  centre  of  the  room  and  cover  the  cross-sectional  area  much 
more  uniformly.  While  it  decreases  the  velocity  proportionately,  it 
is  considered  a  superior  arrangement  to  the  perpendicular  apron  alone, 
placed  in  front  of  the  coil.  The  false  ceiling  should  have  a  slant  of 
about  one  foot  in  ten,  and  the  opening  on  the  outer  edge  near  the 
centre  of  room  need  not  be  over  three  or  four  inches  in  depth  in 
most  cases.  Without  the  false  ceiling  some  space  must  be  left  for  a 
circulation  of  air  at  the  top  of  the  room;  with  it,  the  goods  may  be 
piled  close  up  to  the  false  ceiling,  so  no  space  of  consequence  is 
wasted  in  using  it. 

"The  arrangement  shown  in  Fig.  183  was  first  originated  by  Mr. 
C.  M.  Gay,  as  was  described  in  the  Augu.st,  1897,  issue  of  Ice  and 
Refrigerafioft.  Barring  the  space  occupied,  it  is  by  far  the  best 
arrangement  of  room  piping  now  in  use.  The  following  is  quoted  from 
Mr.  Gay's  description :  *  Upper  pipes  of  box  coils  should  be  about 
ten  inches  below  ceiling  of  room,  to  prevent  sweating.  When  brine 
or  ammonia  is  turned  into  these  pipes  the  cold  air  arounrl  the  pipes 
seeks  an  outlet  downward,  and  passes  between  the  false  partition  and 
the  side  wall  of  the  room,  thus  displacing  or  pushing  along  the  air 
in  centre  of  room,  the  cold  air  naturally  seeking  the  lowest  point, 
and  the  warm  air  the  highest  point,  each  by  reason  of  its  relative 
gravity.  Thus,  as  the  cold  air  falls  from  the  cooling  surfaces,  it 
is  replaced  by  the  warm  air  from  highest  point  in  centre  of  room. 
This  secures  a  natural  circulation  and  a  dry  room,  there  being  no 
counter-currents  nor  tendency  to  precipitate  moisture  on  walls  or 
ceiling.'  Mr.  Gay's  remarks  regarding  his  system  apply  with  still 
greater  force  to  the  St.  Clair  system,  and  to  a  greater  or  lesser  extent 
to  any  system  which  provides  for  a  removal  of  the  cooling  pipes  from 
the  room. 

"  The  St  Clair  system,  illustrated  in  Fig.  1 84,  is  sometimes  called 
the  pipe  loft  system,  because  the  cooling  pipes  are  placed  above  the 
storage  room  in  a  pipe  loft  or  voW  room.  This  is  a  favourite  arrange- 
ment where  an  overhead  ice  cold  storage  house  is  equipped  with  the 
mechanical  system.  In  this  case  the  pipes  are  place  \  in  a  portion  of 
the  old  ice  room,  and  perhaps  the  old  air  ducts  used  for  air  circulation. 
If  the  storage  house  consists  of  several  floors  of  storage,  the  pipe  loft 
may  be  placed  at  the  top  and  the  rooms  below  all  cooled  from  one 
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pipe  luft,  but  a  much  better  method  is  to  have  an  inrlependenl  coit 
room  for  each  room,  and  circulate  the  air  through  separate  sir  duels. 
This  prevents  contamination  tmin  foreign  oilours  when  (Jiffereni  pro- 
ducts are  storeii  in  different  riwms. 

"  I'he  circulation  is  more  vigorous  and  effective  with  the  St  CUii 
system  than  with  any  pipe- in-the- room  system,  depending  on  the  law 
that  the  higher  the  column  of  air  the  stronger  the  draught,  in  the  ssine 
manner  that  a  tall  chimney  gives  a  stronger  draught  than  a  short  one 
The  effect  of  this  is  to  produce  a  good  circulation  of  air  with  a  cmn. 
paratively  small  variation  of  temperature.  The  St.  Clair  sfSixsti  a 
also  better  because  by  suitable  tra|i-iUiors  on  ihe  air  durfs  the  pipa 
may  be  shut  off  from  the  n^om,  when  the  temperature  is  such  oi 
as  not  to  require  the  circulating  of  the  refrigerant.  The  necessilt  of 
keeping  the  air  of  a  storage  room  from  contact  with  the  frosted  pipes 
when  the  refrigerant  is  shut  off  will  be  considered  in  connection  mtii 
the  forced  fit  fan  circulation  system,  to  be  described  further  on. 


"  Mechanical  or  Forced  Air  CrRCULATiON. 

"  The  simplest,  and  probably  the  most  unscientiJic.  fo*m  of 
mechanical  air  circulation  in  cold  storage  tooms  is  the  small  decUic 
fan.  These  fans  are  of  the  four  or  six-bladed  disc  type,  of  from  twdre 
to  dghteen  inches  in  diameter,  attached  directly  to  the  shaft  of  a  H  m 
i^ -horse-power  electric  motor.  The  electric  curr«it  for  operating  is 
usually  obtained  from  the  socket  for  an  incandescent  electric  lamp. 
Electric  fans  are  usually  placed  on  the  floor  in  the  end  of  an  alleyway, 
or  in  an  opening  in  the  piled  goods,  and  are  used  for  creating  a  flow 
of  air  from  one  extremity  of  the  room  toward  the  other.  If  the 
circulation  is  strong  enough,  these  fans  tend  to  create  a  uniform 
temperature  in  the  room  ;.  but,  as  the  air  from  the  fan  will  follow  a  path 
of  least  resistance,  the  circulation  resulting  from  their  use  is  largel; 
confined  to  the  aJIeyways  and  opeiiings  in  the  piles  of  stored  goods — it 
does  not  penetrate  through  and  behind  the  goods  where  tt  would  be 
most  useful. 

"  The  use  of  this  type  of  fan  in  cold  storage  rooms  is  of  doubtful 
utility,  and  is  liable  at  times  to  lead  to  a  positive  harm  by  cauung  a 
condensation  of  moisture  on  the  gooiJs  in  storage,  as  a  result  of  the 
warm  upper  stratum  of  air  comitig  in  contact  with  the  colli  gooils  in 
the  bottom  of  the  room.  In  some  cases  electric  fans  ha\'e  been  used 
to  propel  the  air  from  the  cooling  pipes,  for  which  purpose  thej-  are 
placed  in  an  opening  in  a  screen  or  mantle  covering  the  pipes,  forcing 
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the  cooled  air  outwardly  into  t&e  room.     This  is  a  first  step  toward 
scientific  forced  circulation,  and  is  useful  as  far  as  it  goes.     In  many 
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Fig.  185. — Diagram  sho\%ing  Mechanical  or  Forced  Air  Circulation,  M-iih  Air 
forced  into  the  Room  at  each  end,  and  drawn  out  at  centre. 

cases  the  electric  fan  is  useful  only  as  a  "  talking  point,"  as  it  is  likely 
to  impress  a  person  who  is  not  familiar  with  cold  storage  work,  with 
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Fig.  186. — Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  False 
Celling  for  distiibuting  Cold  Air  from  the  Coil  Room. 


the  cooling  power  of  the  refrigerating  apparatus,  to  .stand  for  a  few 
seconds  in  the  breeze  created  by  one  of  these  high-speed  fans.  Their 
use  has  been  adopted  to  an  extent  not  at  all  warranted  by  the  results 

u 


k 

W^  to  be  ohla 


REFRIGERATION  AND  COLD  STORAGE. 


to  be  ohlaineil,  ami  ihej  will  no  iloubt  be  gradi 
fallacy  of  the  klea  becomes  apparent. 

"  Tbuse  who  use  electric  fans  as  al>ove  described,  by  so  doing  admil 
the  superiority  of  forced  ciirulation  over  the  gravity  system,  and  aisc 
admit  that  their  rooms  are  in  bad  condition,  and  that  some  mechanical 
means  of  agitating  or  circulating  the  air  is  necessary.  Instead  of  such 
a  poor  makeshift,  it  se^ns  that  th«^-  will  evenliially  be  forcevi  to  insta^^ 
ft  scientific  sjstein  nf  ff.rred  circulation. 

"A  s}-steni  which  has  been  installed  in  several  large  houses  ■" 
the  United  States,  and  to  some  evtent  elsewhere,  con.sists  in  placing  t*^'^ 
rrfrigerating  pipes  outside  the  sti>rage  room,  and  using  a  fan  to  {wof^-*' 
the  air  to  and  from  the  mom.     Fig. ,  185  shows  a  floo*-  plan  of  a  ro(»  * 


so  equipped.  The  air  is  forced  into  the  room  at  each  end,  and  the* 
return  air  to  coU  room  drawn  out  in  the  centre  as  shown.  The  cold 
air  inlet  at  ends  of  rot.im  are  in  some  cases  placed  at  the  floor  and 
in  others  at  the  ceiling  of  the  room,  but  further  than  this  no 
distribution  of  air  is  attempted  other  than  that  resulting  from  the 
kx'ation  of  the  inlet  and  outlet  Sometimes  the  ducts  are  arranged 
to  force  the  air  into  the  rix>m  at  the  centre,  and  the  return  air  to 
coil  room  is  taken  out  at  the  ends,  or  the  cold  air  is  allowed  to  flow 
from  several  openings  in  a  duct  running  across  the  centre  of  the 
room,  but  no  real  distribution  results  from  this  method. 

"  Emplojnng   the  forced    circulation   system    in    this    way    is   very 
much  like  the  indirect  systems  of  steam-heating  as  at  first  installed. 
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It  is   noticeable  now  that   the  best  steam-heating  work  provides   a 

thorough  distribution  of  the  heated  air  throughout  the   apartments 

through  a  great  many  small  openings  rather  than  forcing  a  large  volume 

of  air  into  the  room  at  one  or  two  places.     It  needs  no  argument  or 

demonstration  to  show  that  a  room  heated  or  cooled  by  air  forced 

in  at  one  or  two  openings  must  have  varying  degrees  of  temperature, 

humidity  and  circulation  depending  on  the  remoteness  or  proximity  to 

the  direct  flow  of  air  from  inlet  to  outlet,  for  the  reason  that  the  air 

from  inlet  always  seeks  the  most  direct  path  to  the  outlet  and  moves 

through  the  area  of  least  resistance,  usually  through  the  centre  alley 

of  room.     This  is  a  positive  fact  and  not  a  theory-.     The  writer  re- 

oently  visite<l  a  large  room  of  the 

kind  above  described,  and  despite    y/////v://///////-///y///>^>:y//:v  ////. .. .  •. 
the    manager's  statement   that  he    ^I«"»*'»«*'  ^i*>''. 

had  tested  in  every  known  way  and    gT^   *^       _^        ^         ;  i       ^f 
found    conditions    absolutely    uni-    i  -         ^  i 

form,  the  writer  for  himself  saw  a    |  V.     *—  -^       ^  ^ 

temperature     variation      of      two    |  —  ^      '^ 

degrees,  and  this  between  two  | 
thermometers  hung  in  the  centre  i 
aJley  of  room  at  the  same  height  | 
from  floor,  and  without  any  extra-  | 
ordinary  conditions  to  cause  such    ^ 

a  variation.    The  real  difference  in    ^  | 

temperature  in  this  room  between    | 

the  coldest  and  warmest  point  could      ^.      ««     ^.  ,.,,,. 

,  ,  ,        ^,         >.  .  Fie.  188. — Diagram  showing  Mecham- 

not  have  been  less  than  five  or  six   ^al  or  Forced  Air  Circulation,  with  Air 

degrees.  admitted  at   one    side  of  Ceiling,   and 

"  The  longitudinal  section  of  a  ^^^'"  ""'  ^'  '^'  ^^^^^  ^*^"- 
room  shown  in  Fig.  186  illustrates  a 

system  of  forced  air  circulation  which  has  been  installed  to  a  moderate 
extent,  but  has  not  become  as  well  established  as  the  one  first 
described.  A  false  ceiling  is  provided  for  distributing  tlie  cold  air 
from  cooling  omIs  at  the  top  of  the  room,  but  as  with  the  system  just 
described,  no  collecting  ducts  are  provided  for  the  purpose  of  uni- 
fonnly  removing  the  air  from  the  room.  The  air  from  coil  room 
comes  into  the  room  through  narrow  slit-like  openings  in  the  false 
ceiling,  and  is  returned  to  the  cooling  coils  through  and  by  the  disc 
fan  located  in  the  partition  between  coil  room  and  storage  room. 
It  would  seem  that  this  is  working  counter  to  the  natural  laws  of 
gravitaticHi,  although  it  may  be  looked  at  in  another  light  also. 
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''  It  is  often  remaiked  that  '  cold  will   naturally    itrop,'   but  this 
should  xw\  cmfuseus  when  studying  the  means  for  pn^moting  circula- 
tion.    If  the  cold  air  is  admitteit  to  the  loom  at  the  toji,  it  will  iiI 
course  fall  to  the  fioor  if  allowed  to  do  so;  but  why  admit  the  coli^ 
air  at  the  l^p  of  the  room  if  it  is  wanted  at  the  flixfr?     In  a  rooff* 
fitted  with  direct  piping  the  cold  air  does  not  drop  through  the  goods  i* 
storage,  but  down  over  the  cooling  coils,  and  rises  through  the  goods  i  •^ 
storage  as  it  is  wanneil.     It  would  seem,  then,  that  any  method  c^Sft 
(Uslributing  the  cold  air  at  the  top  of  the  room  is  wrong  in  principl^^' 
especially  as  no  means  of  uniformly  drawing  off  the  air  at  the  boitoc^* 
of  the  room  is  pn'rided.     When  warm  gooils  are  placed  in  a  root^^ 
equippeil  in  this  way,  the  moisture  given  off  as  ihe  goods  are  coole; — ^ 


Fie 


89.— Diaeram  showing  Mechanical  ot  Forced  Air  Cin 


ndmilli'd  lA  each  side  of  Floor. 


must  be  very-  lialtle  to  collect  on  the  cold  false  ceiling.     To  pniwde* 
uniform  temperatures  and  humidity  with  this  system  it  is  necessary  " 
to  provide  a  very  strong  blast  of  air,  which  is  to  be  avoided,  as  goods 
lUrectly  in  front  of  the  fan  may  be  exposed  to  too  great  a  drying 
influence. 

"  The  arrangement  of  collecting  and  distributing  air  ducts  shown 
in  the  cross  section  i>f  room,  Fig.  187.  ha-s  been  installed  in  a  numh"* 
of  houses  in  America,  and.  like  some  of  the  others,  depends  on 
the  'cold  will  naturally  drop'  theory  fur  its  operation.  The  arrows 
show  the  natural  tendency  of  the  air  circulation  from  the  cold  ait 
ducts  on  the  sides  of  the  room  to  the  warm  air  collecting  duct  in 
the  centre.  In  some  cases  the  cold  air  is  distributed  in  the  centre 
and   collected    at   the   sides   of  the   room,    and    where    the   room  is 
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narrow  only  two  ducts  are  used,  as  in  Fig.  i88.  a  cold  air  distributing 
duct  on  one  side  of  the  room  and  a  warm  air  collecting  duct  on  the 
opposite  side.  In  every  case  the  ducts  are  placed  at  the  c^ling, 
on  the  theory  that  the  air  from  cold  air  duct  will  drop  and  distribute 
itself  along  the  fii.ior  before  being  drawn  back  to  the  coil  room 
through  the  return  duct.  The  openings  provided  in  the  air  ducts  of 
this  system  are  usually  square  openings,  fitted  with  sliding  gates  to 
regulate  the  flow  of  air  into  the  roonn  and  its  return  to  cooler.  These 
gates  are  placed  five  or  six  feet  apart,  consequently  a  good  distribution 
of  air  is  not  provided,  and  goods  exposed  to  the  rapid  flow  of  air 
liirectly   in   front  of  the  openings   will  get    a   much  greater  volume" 

of  circulation  than  is  to  be 

found  in  any  other  part  of 

the  room.     When  a  room  of 

this  kind  is  tilled  with  goods, 

pre\'enting  the  air  from  fall- 
ing directly  from  the  cold  air 

duct  to  the  floor,  no  circula- 

lion  of  consequence  will  be 

obtained  near  the  floor,  for 

the  reason  that  air  will  travel 

through  path  of  least  resis- 
tance, almost  directly  innn 

feeder  duct  to  retiu-n  duct, 

about     as    shown    by     the 

arrows. 

method    somewhat 

umilar  to  the  one  just  de- 

Aciibed  is  that  in  which  the    of  Ceiling. 

cold  Eur  distributing  ducts 
are  placed  at  tbie  flour  and  the  warm  air  return  duct  is  placed  at  the  ceil- 
ing, as  represented  by  the  cross  sections  of  rooms,  Figs.  iSgandigo.  In 
narrow  rooms  one  distributing  duct  is  used  as  shown  m  I'ig.  190.  In 
wider  rooms  two  distributing  ducts  on  opposite  sides  of  the  room  at  the 
fluor  are  used,  and  one  collecting  duct  at  ceiling  in  centre  of  room.  This 
arrangement  has  the  merit  of  operating  according  to  the  laws  of  gravity, 
but  still  lacks  the  thorough  disiribuiion  of  cold  air  and  collection  of 
warm  air,  as  shown  in  the  system  described  further  on.  It  is,  however, 
considerable  of  an  improvement  on  any  of  thu  preceding  methods, 
and  the  writer  has  demonstrated  in  actual  service  that  it  will  produce 
fairly  uniform  circulation  and  temperatiu-es  with  a  comparatively  gentle 
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,     — DiaKiam  showinj;   Mechanical  0 
l-'oreed  Ait  Circulation,  with  Air  admiiied  a 
le  aide' of  Fluor,  and  drawn  ijul  ui  other  sid 
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■ov  otf  air.  This  sjaum  b  to  be  lecommeoded  for  goods  which  do 
not  gm  off  mnA  nootore.  It  b  prefeiaUe  to  use  numerous  sma^^ 
boles  ntker  tluB  a  fetr  bi^  openiiigs  in  the  supply  and  reUiK' 
ducts. 

"The  Sf»^  shown  in  ibe  cross  sectim  of  room.  Fig.  191,  vs^ 
dcfdoped  br  tbe  wtiur  (Mr.  Cooper)  after  some  experiments,  ^-^ 
bis  ance  be«o  iwt^wed  by  tvo  soccesave  steps.     It  was  the    ^ 
mMfale  of  siiiEpib  circoluioa,  especiaUj  duiing  the  fall  and  wia^>^' 
wfaicfa  iaipdtei  the  vtHct  tit  esperinicnt  for  its  deuennent.     As 
orer   tbe    snuD    eiectric    fan    already    mentioned, 
L  fan   was   fitted  vp  to  take  «r  from  the  cooling   appara— — *^ 
and  deKver  it  to  tbe  lear  end  of  the  room  through  3  perforated  diK^-*^ 


•nmnmir/^u/m'iimM  1 


Fig.  IQI. — Diagiain  sliowin^  Mechanical  or  Forced  .^i^  (.'irmlalnMi.  with  l^=^_ 
adnnlted  ai  two  Duett  on  each  ade  u(  Will,  and  drawn  oui  ihrough  l^rtbnl^  - 
F»lieCeDiBfi. 

The  air  was  allowed  to  find  its  way  back  10  tbe  coils   as  best  - 
could,  ^^ 

"  This  method  was  applied  to  a  long  narrow  room,  and  certainly  wa^^^ 
a  decided  improvement  o\-er  the  slu^ish  natural  circulation  which  ^^  . 
superseded.  Following  this,  the  perforated  false  ceiling  was  applie(5==^ ' 
with  dislriliuling  cold  air  ducts  on  the  walls,  as  show^  " 
in  Fij;.  191.  Th,:  c.l.l  air  fn.m  oiil  r.Kini  was  forced  inii*^  " 
small  holes  in  th..'  top,  Loltom,  and  sides,  of  the  cold  air  ducts.  Th-  -■' 
warm  air  from  the  room  flowed  upwanls  through  the  small  perforation^^* 
in  the  false  ceiling  and  through  the  space  between  the  ceiling  of  '^'-'^^^ 
room  and  false  ceiling,  and  thence  to  the  coil  room,  where  the  aii  ww 
cooled,  and  caused  to  rejieat  the  same  circuit  continuously.     The  firs' 
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apparatus  was  clumsy,  and  the  proportions  of  the  various  parts  not 
correct,  but  the  efficiency  of  a.  forced  circulation  of  air,  and  a  thorough 
distribution  and  collection  of  the  incoming  and  outgoing  vr  of  a  cold 
storage  room  so  plainly  proven,  that  a  further  development  of  the  idea 
was  undertaken. 

"  It  was  demonstrated  by  above  described  experiments  that  a 
•comparatively  small  amount  of  air  well  distributed  and  uniformly  draivn 
off  at  the  top  of  the  room  after  flowing  upward  through  the  goods  in 
storage,  would  produce  very  uniform  conditions  throughout  the  entire 
area  of  the  room.     Following  up  this  information  the  apparatus  was 


Yvg.   191. — Diagram  showiog  Klechanical  or  Forced   Air  Circulation,   with   Air 
admitted  at  one  broad  Duct  uo  each  Side  Wall,  and  drawn  out  through  Perforated 


reduced  to  a  more  practical  form  by  substituting  one  broad  duct  near 
the  floor,  as  in  Fig.  igj,  for  distributing  the  cold  air,  in  place  of  the 
two  distributing  ducts  as  used  in  the  apparatus  shown  in  Fig,  191. 

"  The  top  duct  of  the  two  did  not  accomplish  any  result  of  conse- 
quence, and  was  considered  objectionable,  as  the  air  passing  from  this 
duct  to  the  false  ceiling  did  not  percolate  through  the  goods  to  any 
considerable  extent,  and  resulted  practically  in  a  loss  of  the  work 
done  by  the  air  flowing  from  the  top  duct.  Two  ducts  also  made  the 
apparatus  more    complicated.      Using    the    broad  single  distributing 
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oeOing  resulted  in 
r>f  in  practical  serrice 
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Lzss   It-     As  shown 
■:=*rt  "^-"^  cttlItt  :he  entire  cro& 

hy  perforating 
Si     pr*:  pi  ini^jming  ihcm 
iriax  ^K"  r-  <':->ai  of  the  ducts. 
:<=  ci:ies  and  top.    By 
r  trtr  ijr  fr  -re  l>xtoin  of  ducts 
€   r>^=:-     This  action  is 
:- "  -^  HIT  zT'Tiir.-rr  iii2irL:»*r    c  "iTi*  r^sTtccations  in  false 
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r^liiion,    uiih  Air 


'r   -■-.         ■  T  T  ■  -.  -       :   :  .ijtrr     :  :hrr  r.-i-ni.  s-:»  a^  lo  draw  the 

i...'    :.•    :■         -  -^      ■    :     :.       A-?   _r  v. :i.:-?»i   by   :he  arrows,   the  air 
r:      ^-  •.;    "'  :'.  *'r    ..-r    -'.  '•      -.':.  i>   :rawii  :n:o  space  al>ove  false 

1  r.-r  -.  *-.rr.  r-  r  -■  -  -.-r  z  .Zrz^r.-  paragraph  is  nearly  theo- 
T-1^  4. :  jTr- -.  •  ::-T  .l*  l  :-  '  rr/.  :r'uiai:i»n  of  air  is  concemefl, 
sr. :  a  ::.  ■:*'  '.?.  :  -i^'r.  r.\T''r.  :  -hir  j^r;.  "t  its  preile<"essors,  hut  it  still 
r-ff.;i!r.r  !  '<-  :•  -!^'r.  '.ri-  p-r:  r\:e  :  ::i!*r  n-T  aii«l  false  ceiling  combina- 
•>^:i.  f- i;/.  /ry^.  t.,  jT'-iu'-r  a  >\-*'.-.r:  uhi-h  -Mniit*!  he  iinproveil  upon 
'h-'»p:t'H;iIly.  \'»?  finl)  i>  the  >y>tem  theoretically  perfect,  hut  its 
pra'.tiral  ajiplicatioti  is  s<;  simplt:  as  tu  he  unobjectionahle.     As  shown 
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clearly  by  the  sketch,  the  flow  of  air  is  directly  upward  from  floor  to 
ceiling,  consequently  all  goods  piled  in  such  a  room  are  exposed  to 
exactly  the  same  conditions  as  to  circulation,  temperature,  humidity, 
ajnd  purity  of  the  air.  In  a  room  equipped  with  this  system,  with  the 
parts  correctly  proportioned,  it  is  entirely  safe  to  pile  goods  closely, 
cwily  allowing  a  fraction  of  an  inch  between  the  packages  and  at  sides 
of  room  and  placing  thin  strips  beneath  the  goods  to  allow  air  to  flow 
from  perforations  in  false  floor. 

"Where,  in  rooms  fitted  with  direct  piping  and  some  of  the  fan 
S3rstems  as  well,  a  large  space  must  be  left  at  floor  and  ceiling  for  a 
circulation  of  air,  with  this  system  goods  may  be  piled  close  up  to 
ceiling  leaving  only  half  an  inch  for  the  air  to  flow  into  perforations  in 
false  ceilings.  As  the  space  occupied  in  height  by  false  floor  and  its 
space  underneath  is  only  one  and  three-fourths  inches  and  that  occu- 
pied by  false  ceiling  only  one  and  one-fourth  inches,  it  will  be  apparent 
that  much  space  will  be  saved  by  using  this  system.  After  a  room 
is  filled  with  goods  and  cooled  down  to  the  correct  carrying  tempera- 
ture, no  difference  in  temperature  can  be  noticed  in  different  parts  of 
the  room.  No  blast  of  air  can  be  felt  in  any  place,  a  gentle  flow  from 
perforations  only  is  noticeable,  therefore  no  particular  place  has  more 
cirxnilation  than  another  to  cause  a  drying  out  of  the  goods.  The 
advantages  of  this  system  over  any  of  the  others  may  be  summed  up 
^«  follows: 

**  I.  A  more  equal  distribution  of  air,  especially  when  the  room  is 
^Heil  with  goods.  Goods  in  centre  of  room  are  exposed  to  the  same 
^iiperature,  circulation,  etc.,  as  those  at  sides. 

"  2.  Saving  in  space,  as  it  allows  the  room  to  be  filled  full  of 
Soods  without  leaving  large  spaces  at  top  and  bottom  for  a  circulation 
^air. 

**  3.  Where  the  air  is  so  perfectly  distributed  and  collected  it  is  not 
]^^essaiy  to  circulate  such  a  large  volume,  saving  in  power  and  lessen- 
^  the  liability  of  evaporation  of  goods." 


Insulation. 

Besides  being  non-conductive,  a  good  insulating  material  should  be 
'^-odorous,  non-hygroscopic,  or  deliquescent,  not  liable  to  silt,  both 
^^nnin  and  fire-proof,  and  inexpensive. 

The  eflicient  insulation  of  a  freezing-room  or  of  a  cold  store,  or 
'refrigerating  chamber,  is  a  matter  of  very  great  importance  froip  an 
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economical  point  of  view.  This  will  be  apparent  when  it  is  re 
hered  that  when  once  the  contents  of  the  said  cold  store  or  chamber 
are  reduced  to  the  requisite  lem|)eratiire,  the  entire  work  required  of 
the  refrigerating  machine  will  be  only  that  which  is  necessaij  d 
neutraJise  the  heat  that  passes  through  the  walls,  floor,  and  idling 
thereof,  fr()m  the  exterior.  Consequently,  the  miire  perfect  the  Insuli- 
lion,  the  less  the  machine  will  be  callel  uptm  to  work,  and  naturally 
in  a  corresponding  ratio  also  will  be  the  saving  effected  in  fuel,  >re« 
and  tear  of  the  working  parts,  and  in  attendance. 

The  means  adopted  for  insulation  consist  in  lining  the  room,  or, 
in  the  case  of  a  marine  installation,  the  hold  of  the  vessel,  with  si 
materia]  forming  a  very  hafl  conductor  erf  heat.  The  exact  roethoJ 
of  carrying  this  out,  as  also  the  nature  of  the  non-conducting  materisi 
employed,  must  necessarily  be  considerably  varied  according  lo  the 
circumstances  of  each  particular  case. 

Mr.  Lightfoot  recommends  as  a  fairly  good  protection  an  oulet 
and  an  inner  layer  of  tongueii  and  grooved  boards,  i  in.  or  i}^  ii 
thick,  with  a  g-in.  space  or  clearance  between  them  filled  Wth 
charcoal,  or  in  some  cases  preferably  with  silicate  cotttm  of  sl^ 
wool. 

In  France  and  Germany  cork  is  used  with  marked  success  as  a  non- 
conductor, and  it  is  evidently  a  substance  exceedingly  suitable  for  the 
purpose  in  question,  being  a  material  verj'  impervious  to  heat,  iiwl 
capable  of  withstanding  moisture.  Either  cjrdinary  cork  cut  inw 
thin  slices,  or  refuse  or  waste  cork,  from  other  industries,  thorouBhlj 
ground  up  or  disintegrated  into  a  coarse  powder,  is  employed,  llw 
former  being  the  best  but  the  most  expensi\e.  In  New  Zealand  wwl 
Australia  pumice  stone  is  much  used. 

Various  other  substances  such  as  asbestos,  cotton-wool,  st 
wool,  pine-wood,  loam,  gas  works  breeze,  coal  ashes,  sawdust,  hair  (ett- 
lamp  black,  mica,  paper,  fine  cinders,  pitch,  etc.,  are  likewise  emplc^eO 
for  purposes  of  insulation.  A  number  of  different  compositions  ha* 
also  been  tested  antl  used  as  heat  insulators,  amongst  which  may  b* 
mentioned  the  following: — Composition  of  fossil  meal,  composed  o* 
60  per  cent,  of  washed  while  German  kieselguhr,  and  40  per  cent-  li 
binding  material;  composition  of  kieselgiLhr  fnjni  German  mines, 
with  10  per  cent,  of  binding  matter,  such  as  fibre,  and  mucilaginoW 
extract  of  *'egetable;  cement  composed  of  blue  clay  mixed  with  fl 
jute,  and  woollen  waste,  ot  cow's  hair,  in  equal  proportions;  iibrou* 
composition  of  fine  blue  clay  mixeil  with  flax,  hemp,  rope,  jute.  C0«- 
hajr,  and  w"ollen  waste ;  and  a  j)apier  iiiachc  composition  composed  « 
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paper-pulp  mixed  with  clay  and  carbon,  together  with  hair  and 
fragments  of  hemp-rope. 

In  choosing  a  substance  other  considerations  besides  its  good 
insulating  powers  must  be  taken  into  consideration,  such,  for  instance, 
as  its  capacity  for  withstanding  moisture.  This  latter  quality  is  of  the 
utmost  importance,  inasmuch  as  at  very  low  temperatures  moisture 
from  the  air  is  very  readily  absorbed  by  many  substances,  and  fer- 
mentation, rotting,  and  decay,  will  result  therefrom.  It  is  for  this 
reason  that  cork  forms  so  desiral^le  a  material  for  insulating  purposes, 
although  surpassed  in  non-conductibility  by  some  others.  For  a  like 
reason  pitch,  or  some  form  of  enamel  composed  of  bitumen  and  other 
ingredients,  are  found  to  be  very  valuable.  I. amp-black  is  claimed  to 
be  a  very  good  material  for  insulating  purposes  in  railway  and  other 
portable  refrigerating  chambers  by  reason  of  its  lightness  and  elasticity, 
and  more  particularly  on  account  of  its  non-liability  to  pack  from  jolt- 
ing, and  complete  imperviousness  to  moisture.  This  material  is  the 
one  employed  by  Henry  Carr  Godell,  in  his  patent  (1884)  movable 
refrigerating  chamber.  When  it  is  desirable  to  increase  the  elasticity 
and  reduce  the  cost,  he  sometimes  uses  a  mixture  of  either  short  fibre 
or  scales  of  mica. 

Whatever  the  filling  material  that  may  be  employed  for  insulating 
purposes,  however,  it  should  always  be  borne  in  mind  that  the  more  air 
that  is  enclosed  with  it  between  the  walls  or  skins  the  better,  for  it  is 
a  well-known  fact  that  the  best  non-conductor  of  heat  is  dry  air,  the 
units  of  heat  transmitted  per  square  foot  per  hour,  through  a  layer  of 
X)Dfined  air  of  i  in.  in  thickness,  being  about  29. 

When  charcoal  is  employed  it  should  be  well  dried,  and  packed  as 
nearly  as  possible  to  a  consistency  of  11  lbs.  per  cubic  foot.  Silicate 
cotton  or  slagwool  is  usually  packed  to  a  consistency  of  about  12  lbs. 
per  cubic  foot,  one  ton  equalling  about  187  cubic  feet.  Some  engineers 
prefer,  however,  to  use  13  lbs.  per  cubic  foot. 

The  following  table,  from  experiments  by  Peclet,  gives  the  amount 
^f  heat  in  units  transmitted  per  square  foot  per  hour,  through  various 
substances,  in  plates  or  layers  of  i  in.  in  thickness,  many  of  which  are 
suitable  for  insulating  cold-air  or  refrigerating  chambers.  The  experi- 
ments were  made  by  heating  one  side  of  the  plates  or  layers  by  means 
of  hot  water,  and  cooling  the  other  side  by  cold  water,  the  difference 
between  the  temperature  of  the  two  faces  being  i"^  Fahr. 
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Ti-T  r:.:~-.—     •:  irrx:  ir  :z:i:i«^  "mzsmina:  through  one  square  foot 

:.__T  ttt  1-   .r   -J.-  "r- :  *^- :  ±.3>:  subtract  the  temperature  of  the 

-r  -  -    -  •-    i^-  .:  :hr:  b  ::er  >;  ie  •  :f  the  plate,  then  multiply  the 

rr"?i.."  ■:t    ~  .nsrr:  _-   ''zn  rrereiing   table  corresponding  to  the 

-^r-  _  i-T-     ^-      :_-  :rr  :i>?  rr.'rj»n  by  the  thickness  of  plate.    Thus 

iz   -'-'-'.  ---  -   ~-   ii-  :i-  JiiTz:^  i  temperature  of  60-  on  one  side  and 

,          ,          io    X    230 
>:    : :  -_:•=  :::rr.  -*-_.  r-izici::  sc  —  oc  =  =:  2,300  units  Oi 


.\  sci'i'^  :•:'  f'  r  ixrcr.zieiis  *  on  radiation  at  low  temperatures  were 
::- -i.rcri  ':;.  rLi:.iI  Fictct  oz.  the  rate  of  heating  of  a  body  cooled  to 
—  :-r  J:Z-  —  j3>  Fihr.i.  the  surrounding  atmosphere  being  at  a 
:i:r:>;rir.:e  ::"—  :i    Cez:.  f  -^  51S-  Fahr.). 

Tr.e  ::f:r-:rri:  :>  er-.pl-r-ye^.  were  ox>led  by  a  mixture  of  sulphur  di- 

\..-.e  ij:  i  -J--^-  "  ::  A' :e  •Piote'.'s  >i)ecial  liquid),  or  by  liquid  nitrous 
,  \:.:e.  :he.r  :hrr- m1  .jjLpri.ity  btrir.,;  c«»nsidered  in  every  case.  In  the  first 
e\ivr.:v.;:::  :>.e  >una:e  x  f  the  refrigerator  was  uncovered  :  in  the  second 
i:  WAS  e'iv.Mse:  in  a  >i:m;:trrr.  i^»vering  of  cotton  waste  to  prevent  the 
lonu.i:;  n  ■•:  h«Mr  t:  >:  "H  the  metal:  whilst  in  the  third,  fourth,  and 

•  Haiiv^::.     "  \Vv»rk<  Managers'  Haudbook."      Crosby  Ix>ckwood  &  Son. 

+  ••  Compter  Rcndus  del" Academic  dea  Sciences,"  Paris,  vol.  cxix.,  p.  1202.  1894. 
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fifth  series  protecting  layers  of  10,  25,  and  50  centimetres  in  thickness 
were  employeil. 

The  results  showed  that  at  extremely  cold  temperatures  between 
-  170"  Cent.  (  --338°Fahr.)and  -  100°  Cent.  {  —  aia-  Fahr.)athick 
layer  of  cotton  afforded  but  a  slight  protection.  It  was  only  between 
the  temperatures  of  —  20"  Cent.  (  —  68'"  Fahr.}  and  +  10'  Cent. 
(  +  50"  Fahr.  I  that  the  effect  of  the  protecting  layers  became  propor- 
tional to  iheir  thickness. 

In  the  opinion  of  Mr.  Pictet,  bad  conductors  of  heat  are  capable  of 
absorbing,  with  considerable  efficiency,  the  radiations  from  bodies  at 
temperatures  between  —  60"  Cent,  (  —  140"  Fahr. )  and  +  1 1  ^  Cent. 
(  +  Si-8''  Fahr.),  but  are  ineffective  as  regards  calorific  vibrations  at 
temperatures  below  —  60  '  Cent.  (  —  140"  Fahr.)  With  other  non- 
conducting substances,  such  as  silk,  wool,  sawdust,  cork,  charcoal 
powder,  and  peat,  the  results  were  identical,  and,  as  a  rule,  bad  con- 
ductors appeared  to  be  freely  permeable  to  beat  at  low  temperatures 
between  — loo'' Cent,  (-aij''  Fahr.),and  -  170" Cent,  (-338''  Fahr.). 
The  table  on  the  next  page  gi^'es  the  results  of  tests"  undertaken 
by  Professor  Anilrew  jamieson,  M.  Inst.C.E.,  for  the  purpose  of 
determining  the  relative  and  ali.solute  thermal  conductivities  of  sub- 
stances used  as  lagging  for  steam-boilers,  for  parts  of  steam-engines, 
anri  for  refrigerating  machines.  The  method  a(3opted  was  to  observe 
Che  fall  of  temperature  in  a  known  weight  of  hot  water  contained  in  a 
vessel  coated  on  all  sides  with  a  certain  thickness  of  the  material 
under  examination,  the  outer  surface  of  which  was  maintained  at  a 
constant  temperature  by  the  continuous  flow  of  cold  water  through  a 
water-jacket. 

The  apparatus  consisted  of  three  cylindrical  tin  cases,  the  inner- 
most c)f  which  waj!  fitted  with  a  water-tight  lid  having  a  central  funnel 
through  which  the  hot  water  was  inserteil.  The  space  or  clearance 
of  I  in.  left  between  the  first  or  innetmiMt  vessel,  and  the  second  vessel, 
containeti  the  nnn-cnndurting  material  under  test ;  and  the  .space 
between  the  second  and  thini  vessel  formed  ths  water-jacket.  Ther- 
mometers were  placed  in  the  hot-water  chamber  and  water-jacket,  and 
an  arrangement  for  stirring  the  water  in  the  said  hot-water  chamber  in 
the  innermost  ve,?sel  was  likewise  provided.  Each  specimen  of  non- 
conducting material  was  placed  upon  a  separate  inner  case, 
each  of  the  latter  being  covered  to  an  uniform  thickness  of  i  in,  in  the 
manner  in  which  the  said  materia!  would  be  employed  in  actuaJ  prac- 
"Minatea  of  Pi-oceedings.  Inslilotion  of  Civil  Engineers,"  vol,  eixi.,  Ses 
M-95-  PP-  *9i,  *9*,  »93,  =94.  '95- 
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•»'*      T*j*r  -I'r-'-nfiu'-rc  "'iinpc^innGo  "«■»*  appBed  in  layers,  carefulh 
iTrt?:    -"    hj'   -^r^i.r^    s:    ti-  *. .'  "Kistirt  -ibe    drrness   necessan*  to  the 

Tr«*r  :   •♦*r*:t  :':•.  :xi*«-  it-ts-e  i^-Bi+ri  a^  f*»lk»ir?: — lo  lbs.  of  boil'n^ 
VfcVr  vL^  ••  'u:-r:  •."':ir»*-ii±.  ^  fuaatr!  23tr:»  the  bci-waier  chaxDber.    CoW 

•  fcV^  Ti.*^  '.'zj^.  l.V'*v*;i  :  5:*ir  unif':dii]T  frc»iii  ibe  main  water-pipe. 
i'li  •,-.  z"^.\.:*:  "r-sei}  iLr'^npi  ibe  cciS'^-water  chamber.  During  no 
•r^T  -w-f  -"vr  *tm:rrcrjre  ir.  iLif  -iiami-er  ct'serreii  to  rise  as  much  as 
X  ^V-rr:-  Thft  rr.'jr:  >zr:iot  ■»*&.  "^lereaare,  kej-t  at  a  constant  tem- 
\rr\:  ,TT  -.r-r  •Ji'rj  •_-:  tab  ^esc  I::  c-r5«-  to  pre^eni  the  leinperature 
--'  :hr:  ivr  vs-:*-r  :r  ■=:  fi-iir^z  :■►'•  q-jickjy  ai  nrsu  and  t'*  bring  the  non- 

•-j/j  -  <-  LT.  1  :'r.-7  vl-j  ir  i^.TjajAms  :o  a  o'»nditi«'*i  of  c<:»nstant  tempera- 

•  -r-r  ',r  r^r^i:  -i-*-  .''  r-j:r-  s-'ean:  ai  a:in'"»spberac  pressure  generated  in  a 
^  .'X'r^  *:f.iL<s^  ^'sj<  f.rs*  paAs-e--:  into  the  inner  vessel  by  means  of  a 
;:!2*.s  vj*-^  .V;  :v.  it  :bj^»i:rh  the  funnel  The  steam-pipe  wa<;  theii 
r*rrr-''V^:.  ^r.  :  i  j.irifir-f:  "^rk  fitt*^  tightly  into  its  ptsition.  The 
:'..--•  :tc.\\z  v.i*  i!wi}r  tik-fT.  wher.  the  temperature  of  the  hot  water 
hi/i  ;,-.t  rai.vr.  to  94'  Cc't.  '201*2'  Fahrj.  The  water  in  inner 
'  ;iarj.h*rr  -Ai.*  -•.irr-r:  by  a  f^er  rate*!  pistv^n  prior  to  the  readings  of  the 
rri'rrrr.o::.-rV--r*  ir.  thrr  two  chan-.l-ers.  which  were  taken  simultaneouslv, 
\>*i':r.,:  :,  't :.  m:'  lessive  rea  iings  of  both  thermometers  were  taken  in 
th»r  >'<xit.*^  wav.  an  :  re^rorie^i  even-  ten  minutes. 

Results  of  the  Tests. 
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•   I  hr  outside  diameter  of  this  sample  was  about  J  in.  smaller  than  the  in>ide 
diameter  of  the  mid<lle  tin-case  or  vessel,  and  it  had  consequently  a  slight  advantage 
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The  results  of  testsU  made  by  Mr.  John  G.  Dohbie,  superintending 
5ngineer  at  Calcutta  to  the  British  India  Steam  Navigation  Company, 
to  determine  the  conductivities  of  asbestos  and  Kieselguhr  composi- 
tion were  as  follows  : — 

Results  of  Tests. 


After  15  minutes 
30 


>» 
»♦ 


If 
»» 


Totals  in  one  hour  . 


Asbestos. 


'   KieselRiihr  Com- 
j  position. 


Water  Condensed    Water  Condensed 
in  Inches.  in  Inches. 


This  experiment  shows  a  saving  of  36  per  cent,  in  favour  of  Kieselguhr 
composition.  The  tests  were  made  with  two  boiler-tubes — 3J4  in.  in 
outside  diameter  and  7  ft  long,  closed  at  both  ends,  and  covered  with 
a  thickness  of  2  in.  of  asbestos  and  Kieselguhr  composition  respectively. 
The  tubes  were  suspended  side  by  side,  and  steam  was  admitted  at  the 
top,  a  gauge-glass  being  fitted  at  the  bottom  of  each  by  which  the 
^ount  of  condensation  inside  the  tubes  could  be  accurately  observed. 
Steam  at  a  pressure  of  30  lbs.  per  square  inch  was  used  in  the  tubes, 
hthe  first  trial,  which  lasted  one  hour,  12*375  in.  ^^  water  were  con- 
densed in  the  tube  covered  with  asbestos,  and  8*375  in.  in  that  covered 
*ith  Kieselguhr  composition,  showing  33  per  cent,  less  water  condensed 
^th  Kieselguhr  composition.     In  the  second  trial,  of  one  hour  also,  the 


^^  the  other  samples  in  having  a  thin  layer  of  air  between  its  outer  surface  and  the 
^ttcr. 

t  The  silicate  cotton  was  pressed  together  tightly,  and  thus  its  conductivity 
appears  greater  than  would  have  been  the  case  had  it  been  more  loosely  packed. 

X  The  Kieselguhr  employed  consisted  on  the  average  of  Silica  83*8,  Magnesia  07, 
^e  0*8,  Alumina  i*o,  Peroxide  of  Iron  2*i,  Organic  Matter  4-5,  Moisture  and 
^-088,  7'i.  It  was  employed  in  conjunction  with  10  percent,  of  binding  material, 
^.,  fibre  and  mucilaginous  extract  of  several  vegetable  matters. 

}  Papier  mach6  composition,  consisting  of  paper  pulp  mixed  with  clay  and  carbon, 
ogether  with  hair  and  fragments  of  hemp  rope. 

y  A  lighter  modification  of  above. 

\  '*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,"  vol.  cxxi.,  Session 

%-95»  PP-  30^  3o». 
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condensation  was  noted  every  fifteen  minutes,  and  gave  the  results 
shown  in  the  above  table. 

From  these  and  other  tests  the  author  has  been  led  to  the  codcIu- 
don  that  hard-presse<)  asbestos  paper  or  rioth  is  a  better  conductor  "f 
heat  than  silicate  cotton  or  slag  wool,  fdt,  hair,  wool,  or  sorae  of  ihe 
Kieselguhr  compositions.  The  main  reason  for  ihe  superior  noncnn 
ductilities  of  porous  mainials  is  on  account  of  the  entrapped  ami 
occluded  air,  hence  the  looser  asbestos  and  other  fibrous  materials  w 
laid  on  the  better  will  the;-  prevent  radiation  of  heat. 

In  an  appendix*  in  his  ])aper  on  heat -insulators,  Professor  Jaitiiesnn 
gives  some  accounts  of  prexious  evperiments.  of  which  the  follnwine 
is  a  brief  evtraci : — 

*■  In  1881,  Mr.  Charles  E.  Emery.  Ph.D.,  wrote  a  papert  on  'i!v 
periments  with  Non-conductors  of  Heat,'  wherein  the  results  of  his 
tests  on  fourteen  different  substances  are  given.  The  apparatus  use! 
consisted  <)f  a  boiler.  4  ft.  in  diameter  and  12  ft.  long,  constniciri 
with  three  lo-in.  lubes.  Into  these  tuhes  were  placed  smaller  tobesW 
rereive  steam,  and  around  the  inner  tubes  were  placed  the  nonnin- 
ilucting  substances,  water  being  circulate,!  thn-ugh  the  larger  shell 
outside  of  the  outer  tubes.  The  results  (see  lable)  were  shown  by  the 
amount  of  steam  condensetl  in  the  inner  tubes,  the  water  of  condens*- 
tion  being  conducted  to  small  cylindrical  vessels,  each  provided  witn 
a  glass  gauge" 

In  t884.  Professor  John  M.  Ordway,  of  Boston,  Mass.,  describe" 
in  a  papert  <mi  "  Experiments  upon  Non-conducting  Coverings  fof 
Steam-pipes,"  tests  of  a  great  variety  of  substances  by  three  .netbois. 
viz. :  (i)  by  measuring  the  temperatures  on  the  outside  of  the  coverings; 
(z)  by  measuring  the  weight  of  steam  condensetl  in  a  cert^n  tin** 
over  a  certain  length  of  covered  pipe;  (3)  by  a  calorimeter. 

In  1884,  Mr.  J.  J.  Coleman  gaveg  the  resuJU  of  a  series  of  experi- 
ments (see  table)  on  eight  substances  tested  by  means  of  Lavoiser's  ice- 
calorimeter.  The  object  of  the  experiments  was  to  find  the  substanc* 
which  would  make  the  best  covering  for  the  "  Bell-Coleman  Freeiiog 
Machines." 


•  ■■  Minutes  of  Proceedings,  Instilulion  of  Ci>il  Eneinctfrs,"  vol.  cjai.,  SesJ<*| 

■894-95.  PP- ^ftS-^gg-  „      ,    ..       gat 

t  " Transactions,  American  Society  of  Mechan1c.1l   Engineers,    vol.  11.,   iw» 

^  J  " TransaclioDS.  American  Society  of  Metbanical  F.neinceti,"  vol.  v.,  l88j-8f» 
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In  18849  Mr.  D.  K.  Clark,  M.Inst.C.£.;  reported*  to  the  National 
Smoke  Abatement  Institution  the  results  of  tests  carried  out  at  the 
works  of  Messrs.  Samuel  Hodge  and  Sons,  Millwall,  of  seven  sub- 
stances as  compared  with  a  bare  pipe. 

In  1 89 1,  Mr.  W.  Hepworth  Collins  read  a  papert  on  "  The  Com- 
parative Value  of  Various  Substances  used  as  Non-Conducting  Cover- 
ings for  Steam  Boilers  and  Pipes/'  giving  the  results  of  experiments 
in  which  a  mass  of  each  material  to  be  experimented  upon,  i  in.  thick, 
was  carefully  prepared  and  placed  on  a  perfectly  flat  iron  plate  or 
tray,  which  was  then  maintained  at  a  constant  temperature  of  310° 
F^r.  The  heat  transmitted  through  each  non-conducting  mass  was 
calculated  in  lbs.  of  water  heated  10°  Fahr.  per  hour  (see  table). 


Results    of    Different    Experiments    on    the    Heat 
Conductivities    of    Various    Substances. 

{Silicate  cotton  being  taken  as  100.) 


Substance. 

• 

• 

H.  Collins. 
z8qx. 

.  Jamieson. 
1894. 

• 

• 

• 

£  ■ 

Fossil  meal  composition 

•  • 

• . 

•  • 

70 

Cement  with  hair-felt     . 

83 

• . 

. . 

93 

Silicate  cotton  or  slag  wool    . 

100 

100 

100 

100 

Hair- felt  or  fibrous  composition 

.  • 

"7 

114 

112 

Papier-mach6         .... 

*  • 

•  • 

H7 

III 

Kieselguhr  composition  . 

. . 

136 

. . 

112 

Sawdust 

122 

163 

142 

•  • 

Charcoal 

132 

140 

•  • 

Cottonwool 

•  t 

122 

.  • 

Shecps*  wool         .... 

•  • 

136 

•  • 

Pine  wood  (across  the  grain) . 

150 

•  • 

•  • 

Loam 

. . 

•  t 

. « 

Gasworks  breeze  or  coal  ashes 

240 

230 

299 

• . 

Asbestos 

229 

•  • 

179 

. . 

♦  ''The  Engineer/*. vol.  hii.,  1884,  p.  65. 

t  **  Report  of  the  British  Association  for  the  Advancement  of  Science,"  Cardifl", 
1891,  p.  780. 
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REFRIGBRATTON  AND  COLD  STORAGE. 


F  Tests  to  Determine  the   Non-Conddctive  Values- 

OF  Different  Materials. 

{H.  F.  Donaldson,  M.I.C.E.,  Proceidingi,  Iml.  C.B.) 

Experiment  No.  i. 


W«iht  ■»« 

— 

ftSS« 

Lau.ftCT 

^^ 

Tw«lT- 

s™.t,. 

Hotin. 

Peat     [compressed 

and  set  in  FossU 

Meal)     .. 

95 

8l 

37 'Sg 

Cbarconl   .. 
Silicate  Cotton    .. 

?4 

n 

'^ 

41-97 

Magnesia  and  As- 

bestos Fibre 

4i 

93 

73 

40i 

S6-4S 

Note. — The  author  thought  it  undesirable  to  consider  further  comprised  peat 
■\  in  foRsii  meal,  as  he  found  by  txpetimenl  its  |>oweis  of  absprptioi 
:  so  peat  as  to  constitute  in  his  opinion  a  source  of  danger. 


Experiment  No.  3. 


- 

„..„ 

w^ieht  ^. 

Houn. 

,  „ff„.  .r;f 

S; 

SrVETly. 

Silicate  Cotton     .. 
Charcoal    .. 

lBch«. 

,? 

93 

n 

1 

n-2 
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Experiment  No.  4. 


Thickness 

of 
Insulating 
Material. 

Original 
Weyht 

Ice. 

Weight  after 

Loss  after 
Ninety- 
six 
Hours. 

Per  cent. 

23-41 
26-50 

28-i8 

30-22 

32-95 

Twenty  • 

four 
Hours. 

Ozs. 

103 
lOlf 

lool 

I0l| 

99 

Ninety- 
sis 

Hours. 

Ozs. 

79 
701 

731 

Silicate  Cotton 

(looHely  packed) 
Silicate  Cotton     . . 
Charcoal    . . 
Vegetable  Silica  . .  1 
Diatomite . . 

Inches. 

9 

9 
II 

II 

II 

Oss. 

no 
no 
no 
no 
no 

Results  of  Tests  to  Determine  the  Non-Conductive  Values 

OF  Various  Materials. 

(Dr,  IVm,  Wallace.) 


Cubic 

materials. 

1 

Centimetres 
(grammes)  oi 
water  melted 

in  12  days. 

Average  C.C.'s 
per  day. 

Silicate  Cotton           

9.470 

789 

Flake  Charcoal           

11, 010 

917 

Felt 

11,760 

980 

Fossil  Meal 

12,530 

1,044 

Twig  Charcoal           

13.590 

1,132 

Plain  Cork  Slabs        

14,020 

1,168 

Tarred  Cork  Slabs 

14,610 

1,217 

Broken  Lump  Charcoal 

15,916 

1,326 

Arties   .  •         , .         . .         . .         . . 

23.316 

1,943 

Coleman's  method  was  used  in  making  the   above  tests,  with  walls  6  in.  thick. 

Rate    of    Passage    of    Heat    Through    Various     Materials. 

{AUx,  Marcet.) 


British  Thermal   Units  per  hour  per  superficial  foot  through  materials 

6  in.  thick. 


Silicate  Cotton 
Cow  Hair  . . 
Charcoal    . . 
Sawdust    . . 
Infusorial  Earth 
Cork  Bricks 


T  - 

60" 

1 
Dry. 

Wet. 

411 

4-n 

1405 
8-8o 

470 
6-75 

12  30 
15-60 

10-00 

5-8; 

T  =  ^o'' 


'\  ■-  4o'» 


Dry.     ,    Wet.     \     l>ry. 


2-34 
2-34 

2*93 
4-40 

6-18 

3-20 


«-57 
5-30 
7-50 
9-()0 


117 
1-17 
176 

2-34 
3-57 
2-90 


Wet. 


6  70 

350 
4-40 
5-50 


T  =  DifTerence  of  Temperature  (Fahr.)  on  the  two  sides  of  the  material. 
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REFRIGERATION  AND  COLD  STORAGE. 


Results    of   Tests   on    the    Heat    Conductivity    of 

Different   Substances. 

( Various  authoriiies,) 
(Silicate  Cotton  being  taken  at  lOO.) 


C.E. 

JJ.Cole- 

W.  H. 

r 

i    Prof. 

substance. 

EincTTf 

man. 

Collins, 

Jamieson 

•1881. 

1884. 

1891. 

1894. 

Silicate  Cotton  or  Slag  Wool 

100 

100 

100 

1 

100 

Hair-Felt  or  Fibrous  Com|X)sitio 

n 

iI7 

114 

112 

:  Papier- M ache 

— ■ 

147 

III 

:  Kiesclguhr  Composition  . . 

-  • 

•36 

112      1 

Sawdust 

122 

i<>3 

142 

Charcoal 

132 

140 

Cotton  Wool 

122 

1 

Sheep's  Wool 

Pine  Wood  (across  the  grain) 

136 

■^"^ 

.       150 

— 

Loam 

— 

^— 

Gasworks  Breeze  or  Coal  Ashes . 

240 

230 

299 

— 

Asbestos 

229 

179 

Taule   giving   the    Rklativk    Heat   Conductivity    of   Various 

Boiler-Covering  Materials. 

(The  '* American  Engineer.^') 


Silicate  Cotton  or  Mineral  Wool 

Hair  Felt    . . 

Cotton  Wool 

Sheep's  Wool 

Infusorial  Earth    . . 

Charcoal     ... 

Sawdust     • . 

Gasworks  Breeze  . . 

Wood  and  air  space 


100 

Hy 
122 
136 
136 
140 

'^>3 
230 

280 
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Results    of    Experiments    Regarding    Non    Heat-Conducting 

Properties  of  Various  Substances. 

{Prof.  y.  M.  Ordway,) 


*j 


Coverings  t  inch  thick. 

~1  "Silicate  Cotton*'  or  *»  Slag  Wool  " 

2  Paper  . .         . . 

3  Cork  Strips,  bound  on 

4  Straw  Rope,  wound  spirally 

5  Loose  Rice  Chaff    . . 

6  Blotting  Paper,  wound  tight 

7  Paste  of  Fossil  Meal  and  Hair 

8  Loose  Bituminous  Coal  Ashes 

9  Paste  of  Fossil  Meal  Mith  Asbestos 

10  Loose  Anthracite  Coal  Ashes 

1 1  Paste  of  Clay  and  Vegetable  Fibre 

12  Dry  Plaster  of  Paris 

13  Asoestos  Paper,  wound  tight 

14  Air  alone 

15  Fine  Asbestos         

16  Sand  . . 


'    Pounds  of  Water 

j    hsated  10'  F.  per 

hour  by  i  $q,  foot. 

f 

130 

140 

14-6 
180 

18-7 

210 

16-7 

2 10 

22'0 

27-0 

309 

309 

21-7 

480 

49-0 
62-1 

N.B. — The  Asbestos  of  15  had  smooth  fibres,  which  could  not  prevent  the  air 
from  moving  about.  Later  trials  with  an  Asbestos  of  exceedingly  fine  fibre  have 
made  a  somewhat  better  showing,  but  Asbestos  is  leally  one  of  the  poorest  non- 
conductors. By  reason  of  its  fibrous  character  it  may  be  used  advantageously  to  hold 
together  other  incombustible  substances,  but  the  less  the  better. 


NoN    Heat-Conducting    Properties   of   Various   Substances. 

( From  *  *  Engineering,  * ' ) 


Prepared  Mixtures,  for  Covering  Boilers,  Pipes,  8cc. 

Slag'WooH Silicate  Cott~on)~and  Hair'Paste 

Fossil  Meal  and  Hair  Paste  . . 

Paper  Pulp  alone 

Asoestos  Fibre,  wrapped  tightly 

Fossil  Meal  and  Asbestos  Powder  . . 

Coal  Ashes  and  Clay  Paste,  wrapped  with  Straw 

Clay,  Dung,  and  Vegetable  Fibre  Paste 

Paper  Pulp,  Clay  and  Vegetable  Fibre 


Pounds  of  Water 

heated  lo*^  Fahr. 

per  hour^  per 

square  foot. 

lO-O  il)S. 
10-4 

17-9 

2<)'3  „ 

299  M 

39'^>  M 

44"^   »» 


»» 


>» 


>> 


•These  substances  are  not  well  suited  for  covering  heated  surfaces— owing  to 
their  nature  they  soon  become  carbonised. 

t  Hard  substances  that,  with  the  action  of  the  heat,  break,  powder,  and  fall  off. 
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REFRIGERATION  AND  COLD  STORAGE. 


Results    of    Experiments    Regarding    Non    Heat-Conducting 

Properties    of    Various    Substances. 

{Walter  >«^f,  ''Heating  by  Hot  fVaUr^) 


Frame  Fired  with 

Left  for 

Hiffhett  Tenp. 
Reg^istered. 

Leroy's  Boiler-covering  Com|X)sition  . . 

Asbestos  Powder            

HairFelt 

Silicate  Cotton    . . 

3  hours 

4  .. 
9      „ 
9      „ 

86^ 
76' 

The  quantity  of  heat  in  units,  transmitted  through  one  square  foot 
of  plate  per  hour,  may  be  found  thus :  Subtract  the  temperature  of  the 
cooler  side  from  that  of  the  hotter  side  of  the  plate,  then  multiply  the 
result  by  the  number  in  the  preceding  table  corresponding  to  the 
material  used,  and  divide  the  product  by  the  thickness  of  plate. 
Thus  an  iron  plate  2  in.  thick,  having  a  temperature  of  60^  on  one  side 

20  X  230 
and  80°  on  the  other,  will  transmit  80  —  60  =  =   2,300 

units  of  heat  per  sc^uare  foot  per  hour. 

Heat-Conducting    Power    of    Various    Substances,    Slate 

BEING     1,000. 

{Molesworth,) 


Slate 

Lead 

Flagstone 

Portland  stone 

Brick 

Fire-brick 


1,000 

.     5,210 

1,110 

750 

600  to  730 

620 


Chalk 

Asphalte     . 

Oak    . 

Lath  and  plaster 

Cement 


564 

451 

336 

255 
200 


Experiments  on  Heat  Conductivity  of  Slagwool  and  Charcoal. 

[T.  B.  Light/oot,  M.  Inst,  C.E„  G.  A,  Becks,  A.M.  Inst.  C.E.,  in  1885.) 

Experiment  No.  i. 

Began  11.30  a.m.,  2nd  June. 

Ended  11.30  a.m.,  4th  June. 

Duration  of  experiment,  48  hours. 

Average  temperature  of  room  or  chamber,  90°  F. 

A  piece  of  ice  23  lbs.  in  weight  was  placed  in  a  zinc  box  12  ins. 
cube,  and  covered  with  2  in.  silicate  cotton,  this  latter  being  provided 
with  an  outer  cover,  also  of  zinc. 
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When  the  ice  was  taken  out  it  weighed  10^  lbs.,  showing  a  loss 
of  i2ilbs. 

12  J  lbs.  X  142  (latent  heat  of  ice)  =  1775  thermal  units  passed 
through  in  48  hours. 

48)  177s  (36*9  thermal  units  passed  through  in  i  hour. 

Difference  in  temperature  between  inner  box  and  outer  air  =  58°  F. 

-^^  =  0*63  thermal  units  transmitted  per  hour,  per  degree  differ- 
ence in  temperature. 

Area  of  zinc  boxes : — 

Inner  box        ...         ...         ...         6  sq.  ft. 

Outer  casing  ...         ...         ...    10*6 

^Lean  ..•  .••  ••<  ...      01, • 


Thermal  units  transmitted  through  the  3  areas  = 

6)  '6^  8'i)  '63  io'6)   -63 

•105  07  -059 

which  being  multiplied  by  2  for  the  thickness  of  cotton,  gives  thermal 
units  per  hour,  per  degree  difference  in  temperature,  per  square  foot, 
per  inch  of  thickness,  as  follows : — 

•210  inner  tin. 
•118  outer  tin. 
•14    mean  between  the  two. 

Experiment  No.  2. 

Began  1 1.30  a.m.,  2nd  June. 
Ended  11.30  a.m.,  4th  June. 
Duration,  48  hours. 
Average  temperature  of  room,  90°  F. 

A  piece  of  ice  26  lbs.  in  weight,  covered  with  6  in.  of  charcoal. 
When  taken  out  it  weighed  7i  lbs.,  showing  a  loss  of  18 J  lbs. 
1 8*5  X  142  =  2627  thermal  units  in  48  hours. 
HV-  =  54*72  thermal  units  per  hour. 

^Vf ^  =  '94  thermal  units  per  hour,  per  degree  difference  in  tem- 
perature between  inner  box  and  outer  air. 

Area  of  tins  : — 

Inner  box      ...          ...         ...  6  sq.  ft. 

Outer  casing ...         ...         ...  24  „     „ 

Mean             135  „     „ 
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The   number  of  thermal    units  transmitted  per  hour,  per  degree, 
per  sijiiare  fooi  = 

<>)  '94  13'5)  _"94  34)  '94 

•IS  069  -039 

which  lieing  multiplied  by  6  for  the  thickness  of  charcoal= 

■'^4   ouler  tin  |.Thermal  units  transmitted  per  hour,  per 

4-14  mean       (degree,  pet  sq.  ft.,  per  inch  of  thickness, 

TABLE* 

Shoivino  TRANsMtSSIOS  OF  Hkat  THBorcH  VASIofS  INSt'LATlNr. 

STlur-ruBKS  (Starr). 

Col.  I  gives  B.  T.  U.  per  Sq.  Ft.  pet  Day  per  DeR.  of  Difference  of  Tempeialnte. 
Col.  II.  gives  Mettagc  of  Ice  in  Founds  per  Day  by  Heat  coming  through  loO 
Sq.  Fl.  at  a  Difference  of  40'. 

Col.  I.    Col    II. 

I  in.  OAk— piper.     1  in  lampblack,  j  in.  pine.    (This  is  the 

ordmaiy  5maU  stock  family  refrigeratotl            . .         ■  ■  S'7  1607 

One  I  Id.  board,  r  in.  pitch,  one  J  in.  board 4i}q  138 

Four  ]  in.  .spruie  boards,  two  papers,  solid,  no  air  space  . .  4*38  r:o 
Two  double  boards  and  paper  (four  J  in.  boards),  and  one 

airspace 3-71  105 

One; I  in.  board,  j  in.  {Hlch,  one  J  in.  board            . ,         . .  4'is  1 197 

One'i  in.  board,  i\  in.  mineral  wool,  paper,  one  \  in.  board  3-62  loi'cj 

Two  3  in.  double  lioards  and  two  papers,  I  in.  bur  fell     . .  3'3l8        ^3-4 
Two  j  in.  boards  and  paper,  l  in.  sheet  cork,  two  \  in.  boards 

and  paper 3*30          92-9 

Onei  in.  Iioard,  pnper,  I  in.  calcined  pumice,  paper  and  \  in. 

board           3'38          tjyi 

Four  double  J  in.  boards  with  paper  between  (eight  boards) 

and  three  8  in.  air  spaces 2-7            76 

Hair  quilt  insulator,  four  boards,  four  quilts,  bair     ..         ,.  z'51           70-<) 
One*  7  in.  Ixiard.  6  in.   pal.  silicated   strawboard,  air  cell 

finished  inside  with  thin  layer  pal.  cement                    . .  1*48          <jq-8 

One  3  in.  board,  paper,  3  in.  sheet  cork,  paper,  one  J  in.  board  iio          60 
Two  J  in.  boards  and  paper,  S  in.  mill  shavings  and  paper, 

two  1  in.  boards  and  paper           r  ■35          38-3 

Same  slightly  moist        I -So          (07 

Same  damp         .,         ,.         ..         ..         ..         ..         ..  z'lO          60 

Double  boards  and  paper,  I  in.  air,  4  in.  sheet  cork,  piper, 

onefin. board        120          33-6 

Same,  with  j  in.  sheet  cork ''P          25'3 

bin.  board,  paper,  I  in,  mineral  wool,  pflfier,  J  in.  board  . .  46  130 
oubte  boards  and   papers,  4  in.  granulated  cork,  donble 

boards  and  paper 7  48 

•  "  Insulation  for  Cold  Storage."     Paper  read  before  the  Eleventh  Annual  Con- 
cntion  of  ihc  American   Warehousemen's  Aisocialion  at  Buffalo,  N.Y.,  Oclobcli> 


Waterproof    Coatings   for   Brick   Surfaces.* 

"During  the  stiramer  of  1899  a  large  variety  of  paints,  oils,  var- 
nishes, cements,  and  so-caJIed  watecprouf  coatings  were  tested  for  a 
mM  storage  company  in  the  hope  of  finding  some  coating  that  would 
make  waterproof  ai«l  air-proof  the  brick  walls  of  its  warehouses.  The 
tests  were  made  with  quarter  bricks  with  goo<J,  fair  surfaces,  free  from 
large  holes,  and,  as  nearly  as  possible,  like  those  used  in  the  exterior 
walls.  Quarter  bricks  were  used  instead  of  whole  bricks,  so  that  sen- 
sitive balances  could  be  used  for  the  different  weighings.  Ail  weigh- 
ings were  made  to  within  one-thousandlh  of  a  gram.  The  results  of 
the  more  satisfactory  tests  are  tabulated  below,  and  besides  these,  many 
other  tests  were  maile,  but  these  other  tesl.i  were  dther  unsatisfactory 
nr  the  materials  tested  of  no  value  for  the  desired  use.  The  quarter 
bricks  to  be  testerl  were  imjnerse'l  in  water  f>f  a  temperature  of  about 


t 


the  brick  being  placed 
water  over  the  brick.     Weighings  w 

Of  the  brick  before  coating. 
Of  the  brick  after  coating. 
Ortbebiickalterin 


side,  and  there  being  one  inch  of 
ere  made  as  follows : 


"  At  the  end  of  each  twenty-four  hour  period  the  quarter  bricks 
were  taken  from  the  water,  the  outer  surfaces  carefully  dried  by  cloth 
and  blotting  paper,  and  then  the  bricks  were  immediately  weighed 
before  any  ei-aporation  could  take  place  from  the  pores  of  the  brick. 
This  was  repeated  In  most  of  the  tests  until  the  bricks  had  been  im- 
mersed for  a  perii>d  of  120  hours.  After  this  continued  immersion  the 
bricks  were  taken  from  the  water  and  their  surfaces  eaaniinei.l  in  order 
to  see  what  change,  if  any,  had  taken  place  in  the  coating.  In  some 
cases  the  coating  had  softened,  in  some  shrivelled,  and  in  one  case  the 
coating,  naphtha  and  a  paraffin-like  substance,  which  before  inunersion 
was  evidently  well  into  the  pores  of  the  brick,  had  gradually  worked 
out  into  the  water. 

"  The  nature  of  the  substances  tested  varied  greatly.  Some  were 
in  the  nature  of  paints  and  varnishes,  and  were  retained  mostly  upon 
the  surfaces  of  the  bricks.  To  this  class  belonged  the  materials  used 
in  tests  marked  A,  B,  D,  G,  L,  0,  P  and  Q.     Other  substances  were 

Eitiaclfrom  paper  by  Mr.  Stoddard,  read  before  the  Elevenlh  Annoal  Coniei 
of  the  American  Wapehousemen's  Association  at  Buffalo,  N.Y.,  October,  1901, 
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more  in  the  nature  of  a  paste  or  coiting  applied  upon  the  surface  of 
the  bricks.     In  this  class  may  be  included  the  substances  used  in  tests 
marke.!  C,  I,  K,  N,  R,  S,  T  and  U.     Another  class  of  suhstanres  was 
supposed  to  soak  into  the  bricks  an<l  by  filling  the  pores  exclude  mois- 
ture.    To  this  class  belonged  the  substances  used  in  tests  E,  F  and  J. 
Other  coatings  consisterl  of  two  sulisUinres.  which,  when  combined, 
were  supposeil  to  form  an  insoluble  compound  or  compounds  which 
would  fill  up  the  pores  of  the  brick.     The  tests  of  this  class  are  marked 
H.  M  and  V. 

"  Some  substances  which  were  submitted  for  test  could  be  ^plied 
to  the  bricks  only  by  soaking,  and  so  were  not  available.     Some  bricks 
offered  for  test  were  soaked  full  of  the  so-called  waterproofing,  and  of 
course  would  not  absorb  water  or  anything  else  while  in  that  condition, 

Teste  of  Waterproofing  Bhick. 
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as  the  pores  of  the  brick  were  already  filled.  Many  resins,  gums,  and 
oils,  were  tested,  but  they  were  of  no  practical  use. 

"  Pitch,  asphaltum,  etc.,  were  objectionable,  because  of  their  odour 
and  colour.  The  results  of  the  tests  giving  the  most  favourable  results 
are  shown  in  the  preceding  and  following  tables. 

"  In  r^ard  to  the  result  of  the  tests  it  is  worthy  of  remark  that  some 
of  the  substances  that  have  been  considereil  as  among  the  best 
waterproof  materials  prove<l  to  be  either  of  little  value  or  very  inferior 
to  some  of  the  other  substances. 


Tests  of  Watkrproofino  Brick. 
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Tbsts  of  Watf.rpboohno  Brick.                                    1 
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■  Comparni  to  coated  brick. 

1  gram  equab  15-43  g™!"*  i  28-35  Rrnms  equals  i  ounce  avoirdupois. 

Kev  to  Tksts  or  Wat ebi'Koo king  Bruk. 

A 

-Bay  Slate  Air  and  WalcrproofinK        3  coals. 

B. 

-Red  Mineral  Paint.  Ground  in  Oil        2  coats. 

C. 

-Spar  Varaiah  with  Plaster  of  Paris       2  coals. 

D 

—Spar  Varnish        2  coats. 

E. 

-New  York  Sample,  No.  2           Soaked. 

F. 

-New  York  Sample,  No.  I          Soaked. 

r. 

-Shellac icoal. 

H 

-Portland  Cement.  1  coal. 

J 

Soap  and  Alum.  3  coats            4  coats. 

INSULATION. 


1. — White  Enamel  Paint        ,. 

J.— Paraffin  m  Naphtha  , 

K._HoI  Paraffin  

I Walet  Paint  

M, — Portland  Cement  mixed  with  Ca  Cii,  i  coat. 

Water  Glaas,  3  eo«ls 

N.— Portland  Ccmetil 

O.— Black  Varnish,  No.  a 

P.— Spar  Varnish         

Q.— Black  Varnish,  No.  1 

R. — WatetproofiBg,  No.  \. 

(A  putly-like  mbstance  applied  to-  surlkce  of  brick.) 
S — Waterproofing  No.  4.     Similar  to  "  R." 
T.— Waterproofing  No.  j.     Similar  to  "  R." 
U,— Waterproofing  No.  i.     Similar  to  ■'  R." 
V. — Bichromate  Polasfi  nnd  Glue— e>poscd  to  ^unliglit. 
Bare  Brick         


3>7    I 


No  coaling. 


"  The  Sylvesler  process,  H,  soap  and  alum,  proved  to  be  of  little 
lue,  even  when  applieil  to  a  surface  made  as  stnooth  as  possible  with 
irtlajid  cement.  This  priH-es.s  was  also  tried  withmit  the  cement,  but 
,S  even  less  effective.  Hot  paraffin  haa  often  been  used  to  waler- 
waJls ;  but,  under  the  conditions  of  these  tests,  it  proved  to  be 

'  far  from  waterproitf.     Portland  cement  is  another  substance  which 

not  prove  to  be  as  good  as  its  reputation." 


Walls  for  Cold  Stores. 
The  following  matenaJs  and  dimensions  have  been  used  and  are 
oramended  for  walls  of  cold  chambers  > — 

Walls  at  the  St.  Katherine's  Dock,  London,  were  formed  of  up- 
its,  5^  in.  by  3  in.,  fixed  upon  the  floor  joists  or  bearers,  and 
,ving  an  outer  and  an  inner  skin  attached  thereto;  the  former  consist- 
in.  boards,  and  the  latter  of  two  thicknesses  or  layers  of  i  J|  in. 
oards,  ftith  an  intermediate  layer  of  specially -prepared  brown  paper. 
The  5ji  in.  clearance  or  space  between  the  inner  and  outer  skins  of 
the  walls  and  roof  was  likewise  filled  with  wootl-charcoal,  carefully 
,lried. 

14  in.  brick  wall,  3^^  in,  air  space,  9  in.  brick  wall,  1  in.  layer  of 
cement,  i  in.  layer  of  pitch,  a  in.  by  3  in.  studding,  layer  of  tar  paper, 
I  in.  tongued  and  grooved  boarding,  2  in.  by  4  in.  studding,  i  in.  tongued 
and  grooved  board,  layer  of  tar  paper,  and,  finally,  i  in.  tongued  and 
grooved  boarding,  the  total  thickness  of  these  layers  or  skins  b^g 

36  in.  brick  wail,  1  in.  layer  of  pitch,  i  in.  sheathing,  4  in.  ait 
space,  J  in,  by  4  in.  studding,  i  in.  sheathing,  3  in.  layer  of  mineral 
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or  slag  wool,  2  in.  by  4  in.  studding,  and,  finally,  i  in.  sheathing; 
total  thickness,  4  ft.  7  in. 

14  in.  brick  wall,  4  in.  pitch  and  ashes,  4  in.  brick  wall,  4  in.  air 
space,  14  in.  brick  wall;  total  thickness,  3  ft.  4  in. 

14  in.  brick  wall,  6  in.  air  space,  double  thickness  of  r  in.  tongued 
and  grooved  boards,  with  a  layer  of  waterproof  paper  between  them, 
2  in.  layer  of  the  best  quality  hair  felt,  second  double  thickness  of  1  in. 
tongued  and  grooved  boards,  wilh  a  similar  layer  of  paper  between 
them;  total  thickness,  2  ft.  2  in. 

14  in.  brick  wall,  8  in.  layer  of  sawdust,  double  thickness  of  1  in. 
tongued  and  grooved  boards,  with  a  layer  of  tarred  waterproof  paper 
between  them,  2  in.  layer  of  hair  felt,  seccMid  double  thickness  of  i  in. 
tongued  and  grooveil  boards,  with  a  similar  layer  of  paper  between 
them;  total  thickness,  2  ft,  ^^^  in. 

Brick  wall,  3  in.  scratched  hollow  tiles,  4  in.  silicate  cotton  or  slag- 
wool,  3  in.  scratched  hollow  tiles,  and  layer  of  cement  plaster. 

Brick  wall,  i  in.  air  spaces  between  fillets  of  strips,  i  in.  tongued 
and  grooved  boarding,  2  layers  of  insulating  paper,  1  in.  (ongued  and 
grooved  boarding,  2  in.  by  4  in.  studs,  16  in.  apart,  spaces 
filled  in  with  silicate  cotton,  i  in.  tongued  and  grooved  boarding,  2 
layers  of  insulating  paper,  air  spaces  between  fillets,  or  strips  i  in. 
by  2  in.  spaced  16  in.  apart  from  centres,  i  in.  tongued  and  grooved 
boarding,  2  layers  of  insulating  paper,  and  i  in.  tongued  and  grooved 
boarding. 

Brick  or  stone  wall,  well  coated  on  inside  with  pitch  or  asphaltucn, 

2  in.  by  3  in.  studding,  J4  in.  centres,  spaces  between  filled  in  wilb 
silicate  cotton,  %  in.  rough  tongued  and  groiived  boarding,  2  layers 
waterproof  insulating  paper,  %  in.  rough  tongued  and  grooved  board- 
ing, 2  in.  by  3  in.  studding,  24  in.  centres,  in  spares  between,  3^  in. 
rough  tongued  and  groovetl  boarding,  2  layers  of  waterproof  insulating 
paper,  %  in.  rough  tongued  and  grooved  boarding,  2  in.  by  3  in. 
studding,  24  in.  centres  spaces  between  filled  in  with  silicate  cotton, 
%  in.  rough  tongued  und  grooved  boarding.  2  layers  of  waterproof 
insulating  paper,  and  J4  in.  tongueii  and  griKived  match-boarding. 
Paper  to  be  laid  one-half  lap  and  cemented  at  all  joints. 

Brick  wall,  2  in.  air  space,  i  in.  thicknesses  of  tongued  and  grooved 
boards  with  3  layers  of  paper  between,  2  in.  air  space,  2  in.  thicknesses 
of  tongued  and  grooved  boards  with  3  layers  of  paper  between,  2  in. 
air  space  and  2  in.  thicknesses  of  tongued  and  grooved  boards  witb' 

3  layers  of  paper  between. 

Brick  nail,  well  coated  wiih  pitch,  2  in.  air  space,  2  in.  thicknesses 
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of  tongued  and  grooved  boards  with  3  layers  of  paper  between,  2  in. 
space  filled  with  slag-wool  or  cork,  2  in.  thicknesses  of  tongued  and 
grooved  boards,  with  3  layers  of  paper  between,  2  in.  space 
filled  with  slag  wool  or  cork,  2  in.  thicknesses  of  tongued  and 
grooved  boards,  with  3  layers  of  paper  between.  Shelving  should  be 
fixed  horizontally  in  the  spaces  packed  with  slag  wool  or  cork  at 
about  16  in.  apart. 

Brick  wall,  i  in.  air  space,  %  in.  match-boarding,  9  in.  slag  wool  or 
silicate  cotton,  layer  of  insulating  paper  and  %  in.  match-boarding. 

Brick  wall,  i  in.  air  space,  6  in.  slag  wool  or  silicate  cotton,  i  in. 
silicate  of  cotton  slab,  layer  of  insulating  paper,  %  in.  air  space,  and 
^  in.  match-boarding. 

Brick  wall,  i  in.  air  space,  i  in.  silicate  of  cotton  slab,  4  in.  silicate 
of  cotton,  I  in.  silicate  of  cotton  slab,  %  in.  air  space,  and  ^  in. 
match-boarding. 

Brick  wall,  well  coated  with  pitch,  2  in.  air  space,  }i  in.  tongued 
and  grooved  boarding,  2  layers  of  paper,  J^  in.  tongued  and  grooved 
boarding,  4  in.  slag  wool  or  silicate  cotton,  %  in.  tongued  and  grooved 
boarding,  2  layers  of  paper,  ^  in.  tongued  and  grooved  boarding,  2  in. 
air  space,  )^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  and 
5^  in.  tongued  and  grooved  boarding. 

Brick  wall,  2  in.  air  space,  J^  in.  tongued  and  grooved  boarding, 
2  layers  of  paper,  5^  in.  tongued  and  grooved  boarding,  2  in.  air  space, 
5^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  and  ^  in. 
tongued  and  grooved  boarding. 

Brick  wall,  2  in.  air  space,  ^  in.  tongued  and  grooved  boarding, 

1  layer  of  paper,  4  in.  slag  wool  or  silicate  cotton,  ^  in.  tongued  and 
grooved  boarding,  i  layer  of  paper,  4  in.  air  space,  ^  in.  tongued 
and  grooved  boarding,  2  layers  of  paper,  and  Ji  in.  tongued  and 
grooved  boarding. 

Brick  wall,  layer  of  pitch,  ^  in.  tongued  and  grooved  boarding, 

2  in.  air  space,  J^  in.  tongued  and  grooved  boarding,  i  layer  of  paper, 

3  in.  cork  dust,  ^  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  and  ]/k  in.  tongued  and  grooved  boarding. 

Brick  wall,  2  %  in.  air  space  ventilated  by  air  bricks  every  five  feet 
in  all  directions,  i  in.  tongued  and  grooved  boarding,  layer  of  Willesden 
and  brown  paper,  i  in.  tongued  and  grooved  boarding,  12  in.  charcoal 
supported  by  horizontal  shelving  28  in.  centres  apart,  i  in.  tongued 
and  grooved  boarding,  2  thicknesses  of  brown  paper,  and  i  in.  tongued 
and  grooved  boarding. 

Wall  of  cold  storage  room  when  made  oi  wood :  2  in.  thicknesses 
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of  tongued  and  grooved  boarding  with  3  layers  of  paper  between,  2  in. 
air  space,  2  in.  thicknesses  of  tongued  and  grooved  boarding  with  3 
layers  of  paper  between,  2  in.  air  space,  2  in.  thicknesses  of  tongued 
and  grooved  boarding  with  3  layers  of  paper  between,  2  in.  air  space, 
2  in.  thicknesses  of  tongued  and  grooved  boarding  with  3  layers  of 
paper  between,  8  in.  slag  wool  or  silicate  cotton,  and  i  in,  tongued 
and  grooved  boarding. 

2  in.  boards,  ^%  in.  by  3  in.  uprights,  spaces  between  filled  with 
carefully  dried  wood  charcoal,  1  %  in.  boarding,  layer  of  insulating 
paper,  and  1}^  in.  boarding. 

Outside  siding,  2  layers  of  insulating  paper,  1  in.  tongued  and 
grooved  boarding,  2  in.  by  6  in.  studdings,  i6  in.  apart  from  centres, 

1  in.  tongued  and  grooved  boarding,  2  layers  of  insulating  paper,  i  in. 
tongued  and  grooved  boarding,  2  in.  by  4  in.  studding  16  in.  apart  from 
centres,  spaces  filled  in  with  silicate  cotton,  i  in.  tongued  and  grooved 
boarding,  2  layers  of  insulating  paper,  2  in.  by  2  in.  fillets  or  strips  16 
in.  apart  from  centres,  i  in.  tongued  and  grooved  boarding,  2  layers 
of  insulating  paper,  and  1  in.  tongued  and  grooved  boarding. 

Divisional  Partitions  for  Cold  Stores. 

Tongued  and  grooved  match-boarding,  wire  netting,  6  in.  silicate 
of  cotton  or  slag  wool,  wire  netting,  tongued  and  grooved  match- 
boarding.  The  object  of  the  netting  is  to  render  the  partition  fire- 
proof by  supporting  the  silicate  trf  cotton  after  the  match-boarding 
might  have  burnt  away. 

%  in.  match-boarding,  %  in.  air  space,  i  in.  silicate  cotton  slab, 
4  in.  of  silicate  of  cotton  or  slag  wool,  t  in.  silicate  of  cotton  slab, 
J4  in.  air  space,  and  1  in.  silicate  of  cotton  slab. 

2  in.  tongued  and  grooved  boarding  with  3  layers  of  papCT  between, 

2  in.  silicate  of  cotton  or  cork,  a  in.  tongued  and  grooved  boarding 
with  3  layers  of  paper  between,  2  in.  silicate  of  cotton  or  cork,  2  in. 
tongued  and  grooved  boarding  with  3  layers  of  paper  between. 

^  in.  tungued  and  grooved  boarding,  z  layers  of  paper,  Ji  in. 
tongued  and  grooved  boarding,  4  in.  silicate  cotton  or  slag  wool,  J^  in. 
tongued  and  grooved  boarding,  2  in.  air  space,  ^  in.  tongued  and 
grooved  boarding,  2  layens  of  paper,  and  ^  in.  tongued  and  grooved 
hoarding. 

J^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  6  in.  silicate  of  cotton  or  slag  wool, 
%  in,  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in.  tongued 
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and  grooved  boarding,  2  in.  air  space,  Ji  in.  tongued  and  grooved 
boarding,  2  layers  of  paper,  and  Ji  in.  tongued  and  grooved  boarding. 

^  in.  tongued  and  grooved  boarding,  2  in.  silicate  cotton  or  slag 
wool,  ^  in.  tongued  and  grooved  boarding,  2  in.  air  space,  Ji  in. 
tongued  and  grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued 
and  grooved  boarding. 

5?^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tcMigued  and  grooved  boarding,  2  in.  air  space,  ^  in.  tongued  and 
grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued  and  grooved 
boarding. 

^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  8  in.  silicate  cotton  or  slag  wool  ^  in. 
tongued  and  grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued 
and  grooved  boarding. 

Ji  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  4  in.  silicate  cotton  or  slag  wool,  ^  in. 
tongued  and  grooved  boarding,  2  layers  of  paper,  and  Ji  in.  tongued 
and  grooved  boarding. 

^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  2  in.  hair  felt,  J^  in.  tongued  and 
grooved  boarding,  2  in.  silicate  cotton  or  slag  wool,  l/k  in.  tongued 
and  grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued  and 
grooved  boarding. 

Flooring  for  Cold  Stores. 

2  in.  flooring,  2  layers  of  paper,  1/%  in.  tongued  and  grooved  board- 
ing, 2  in.  air  space  between  fillets  or  scantlings,  ^  in.  tongued  and 
grooved  boarding,  12  in.  joists,  spaces  between  packed  with  silicate 
cotton  or  slag  wool,  ^  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  J^  in.  tongued  and  grooved  boarding,  2  in.  air  space  between 
fillets  or  scantlings,  ^  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  and  Ji  in.  tongued  and  grooved  boarding. 

2  in.  cement,  3  in.  concrete,  ^  in.  tongued  and  grooved  boarding, 
2  layers  of  paper,  2  in.  flooring,  4  in.  silicate  cotton  between  fillets 
or  scantlings,  ^  in.  tongued  and  grooved  boarding,  2  layers  of  paper, 
2  in.  flooring  boards  on  fillets  or  scantlings  set  in  concrete. 

2  in.  asphalte,  l/k  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  Ji  in.  tongued  and  grooved  boarding,  2  in.  air  space  between 
scantlings,  ^  in.  tongued  and  grooved  boarding,  3  in.  silicate  cotton  of 
slag  wool  between  fillets  or  scantlings,  J^  in.  tongued  and  grooved 
boarding,  2  in.  air  space  between  fillets  or  scantlings,  concrete. 

Y 


}ii  REFRIGERATIOX  AND   COLD   STORAGE. 

1  in.  asphalte,  i  in.  cuncrele,  %  '"■  pitch,  i  in.  concrete,  brick 
arches. 

lyl  in.  tnngued  ami  grooved  flooring  boards,  layer  of  insulaUng 
paper,  2  in.  by  9  in.  joists  12  in.  centres  apart,  spaces  filled  with  sili- 
cate cotlon  or  slag  wool,  wire  netting,  layer  of  Insulating  paper,  J^  ia 
match-boarding  on  3  in.  by  2  in.  fiilets  or  scantlings,  air  spaces  between 
existing  wooden  or  concrete  flooring.  The  wire  netting  secured  to  the 
underside  of  the  joists  serves  to  retain  the  silicate  cotton  in  case  of  fire. 

I  in.  tongiied  and  grooved  boarding,  3  layers  of  insulating  paper, 

1  in.  tungiied  and  grooved  boarding,  2  in.  by  9  in.  joists, 
between  filled  with  silicate  cotton  or  cork,  i  in.  tongued  and  grooved 
boarding,  3  layers  of  insulating  paper,  and  1  in.  tongued  and  grooved! 
boarding. 

1  %  in.  tongued  and  grooved  flooring  boards,  layer  of  insulatii^  paper, 

2  in.  by  9  in.  jiiists,  12  in.  centres  apart,  spaces  between  filled  in  with 
silicate  cotton  or  slag  wool,  i  in.  silicate  cotton  slab  on  J^  in.  by  2  in. 
fillets,  air  spaces  between,  and  %  in.  match-boarding.  The  i  in.  sili- 
cate of  cotton  slab  is  nailed  on  the  underside  of  Joists  and  is  claimed. 
to  render  the  floor  fire-proof,  and  to  prevent  radiation  through  the 
joists. 

2  in.  matched  flooring.  2  layers  of  insulating  paper,  i  in.  matched 
sheathing,  4  in.  by  4  in.  sleepers  16  in.  apart  from  centres,  spaces 
between  filled  in  with  silicate  cotton,  double  1  in.  matched  sheathing 
with  12  lay«^  of  paper  between,  and  4  in,  by  4  in.  sleepers  16  in. 
apart  from  centres  imbe<lded  in   12  in.  of  rlry  underfilling. 

Ground,  concrete  layer  of  asphalte,  i  in.  tongued  and  grooved 
match-boarding  well  tarred,  j  layers  of  stout  brown  paper,  i  in.  tongued 
and  grooved  match -boarding,  floor  joists  3  in.  by  11  in.  spaced  2\ 
apart,  binder  joists  11  in.  by  4  in.,  bearing  edges  of  floor  joists  pro 
lected  by  strips  of  hair  felt  %  in.  thick  and  spaces  between  joists 
filled  in  with  flake  charcoal,  and  1  %  in.  tongued  and  gnwved  flooring 
boards. 

The  floors  of  the  cold  storage  chambers  built  at  the  St.  Katheiine 
Dock,  London,  were  ccmstructed  as  follcJWS: — On  the  concrete 
floor  of  the  vault,  as  it  stood  originally,  a  covering 
rough  lioanis  \%  in.  in  thickness  were  laid  iongiludinaJly.  On  tluj^ 
layer  of  boards  were  then  placed  transversely,  bearers  formed  i 
joists  4j4  in.  in  depth  by  3  in.  in  width,  and  spaced  21 
These  bearers  supported  the  floors  of  the  storage  chamber,  which  ( 
sisted  of  2^  in.  battens  tongued  and  grooved.  The  4^^  in.  wides] 
or  clearance  between  this  flonr  and  the  layer  or  covering  of  i 
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boards  upon  the  lower  concrete  floor  was  filled  with  well-dried  wood- 
charcoal. 

Flooring  for   Ice  Houses. 

Floor  to  incline  3  in.  towards  central  drain,  and  cross  <*hannelled 
fillets  or  scantlings  on  1%  in.  flooring,  2  in.  cement,  6  in.  concrete, 
ground. 

I  in.  tongued  and  grooved  match-hoarding,  3  layers  of  paper,  1  in. 
tongued  and  grooved  match-boarding  (to  incline  3  in.  towards  central 
drain)  on  fillets  or  scantlings,  air  spaces  between,  1  in.  tongued  and 
grooved  match-boarding,  3  layers  of  paper,  i  in.  tongued  and  grooved 
match-boarding,  2  in.  by  9  in.  joists,  si)aces  between  lillerl  with  4  in. 
silicate  of  cotton  or  slag  wool  kept  in  position  by  A^  in.  boards  secured 
by  cleats  to  joists. 

Ceilings  for  Cold  Stores  and  Ice  Houses. 

I  in.  tongued  and  groovetl  match-boarding,  3  layers  of  insulating 
paper,  i  in.  tongued  and  grooved  match-boarding,  2  in.  air  spaces 
between  strips  or  fillets,  i  in.  tongued  and  grooved  boarding,  3  layers  of 
insulating  paper,  i  in.  tongued  and  i;rooved  l>oardin^,  joists,  spaces 
between  filled  with  silicate  cotton  or  cork,  i  in.  tongued  and  grooved 
match-boarding,  3  layers  of  insulating  paper,  and  i  in.  tongued  and 
grooved  match-boarding. 

Insulated  flooring,  joists,  ^  in.  tongued  and  grooveil  match-board- 
ing, 2  layers  of  insulating  paper,  "a  in.  tongue*!  and  grooved  match- 
boarding,  2  in.  spaces  between  strips  or  fillets  filled  in  with  silicate 
cotton  or  cork,  yi  in.  tongue<l  and  grooved  match-boarding,  3  layers 
of  insulating  paper,  and  Jb  in.  tr)ngued  and  grooved  match-board- 
ing. 

I  in.  tongued  and  grooved  boarding,  2  thicknesses  of  bn)wn  paper, 
1  in.  tongued  and  grooved  boarding,  joists  with  spaces  l)etween  packed 
with  silicate  cotton,  i  in.  tongued  and  gnx)ved  hoarding,  Willesden  and 
brown  paper,  i  in.  tonguetl  and  grooved  hoarding. 

Concrete  floor,  3  in.  book  tiles,  6  in.  dry  underfilling,  double  spare 
hollow  tile  arches  and  layer  of  cement  plaster. 

Double  I  in.  floor  with  2  lajers  of  insulating  i)aper  between,  2  in. 
by  2  in.  strips  or  fillets  16  in.  apart  from  ctMitres,  spares  filled  in  with 
silicate  cotton,  2  layers  of  insulatini;  ])ai)er,  1  in.  tongued  and  grooved 
match-boarding,  2  in.  by  2  in.  strips  lO  in.  apart,  spaces  filled  in  with 
silicate  cotton,  2  layers  of  insulating  paper,  i  in.  unigiu-d  and  grooved 
match-boarding,  joi.sts  and  double  1  in.  fl<»oring  with  2  lavers  of  in- 
sulating paper  between. 
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Door  Insulation. 
A  weak  point  in  most  cold-storage  rooms  is  the  door;  these  are 
usually  constructed  on  the  wedge  principle,  and  two  simple  fonns  are 
showD  in  longitudinal  and  cross  section  in  Figs.  203,  204,  208, 
and  209.  Even  when  properly  designed  and  carefully  made  from  the 
best,  ivell-seasoned  timber,  the  doors  of  cold-sttwage  rooms  are  very  apt 
to  give  trouble  on  account  of  the  extreme  temperatures  to  which  they 
are  subjected  and  from  the  absorption  of  moisture  from  the  air.  As 
there  can  be  no  doubt  that  considerable  loss  is  experienceii 
through     bad!y-made     and     poorly -fit  ting     doors,     too     much     care 
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cannot  be  expended  in  securing  the  best  possible  workman- 
ship and  efficient  and  easily  manipulated  fittings.  Fig.  194 
shows  a  type  of  door  fitted  with  Taylor's  patent  door- fittings, 
of  which  Mr.  John  Straiton.  Liverpool,  is  the  sole  maker.  A  dotsr  much 
used  in  America  is  Stevens'  patent.  H'hirh  is  made  up  of  5  thicknesses 
of  insulated  and  water-proofed  paper,  Ji  in.  prepared  mineral  or  stag 
wool,  ,1  air  spaces,  and  4  thicknesses  of  wood.  Amongst  the  adi'an- 
tages  claimed  for  this  type  of  door  is  that  it  will  not  frost  through 
with  zetv)  temperature.  A  canvas  cushion  oil  the  bottom  prevents  the 
ir  from  escaping  at  that  j)oint.  The  door  will  not  stick,  it 
quite  tight  on  the  hinge  edge-    The  fastening  is  of  a  special 
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pattern  and  is  for  boih  edges  of  the  door.     It  is  dairaed  (o  shut  as 
tight   as  a  cross-bar  would  if  it  were  wedged  uj),  and  tan  be  openeii 


r  from  the  eMcrii.r  or  interior.     A  sperial  furm  nf  door.  <iL-si<;nt-d 
by  the  author  for  use  in  hotels,  or  elsewhere,  where  the  eold-sioraye 
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I  n>oni  t»  chamber  has  to  be  freviuently  enlereil,  has  been  tlesctibed  in 
a  previous  chapter.     Other  insulations  for  tloors  are ; 

I  in.  tongued  and  grnnved  match-boarding,  3  layers  of  insulating 
paper,  T  in.  tongued  and  grodved  match-boarding,  2  in.  by  i  in.  fillets 
or  strips  with  spares  between  filled  in  with  silicate  cotton  or  cork,  i  in. 
tongued  and  grooved  match-hparding,  3  layers  of  insulating  paper,  i  in. 
tongued  and  grooved  match-boarding,  z  in.  by  i  in.  fillets  or  strips, 


.■ork.  1  in.  tnngued  and 
paper,  and  i  in.  tongued 


spaces  between  rjMe.l  in  with  sdioaie  cotton 
gnjoved  match-boarding,  3  layers  of  insulatin 
and  grooved  match-boarding. 

I  in.  tongued  and  grooveil  malch-boanling,  2  layers  of  insulating 
paper,  i  in.  tongueij  and  grooved  match-boarding,  12  in.  space  filled 
in  with  silicate  cnttnn,  r  in.  timgue'l  and  grooved  match-boarding,  2 
layers  of  insulating  pnjier,  ami  t  in.  tnngiieil  and  grnnveil  match- 
larding. 
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Window    Insulation. 
Windows  are  better  dispensed  with  in  cold  stores  and  artificial  light 
resorted  to;  where  present,  three  sashes  spaced  a.  few  inches  apart  and 
glazed  at  both  sides  should  be  used. 


Tank    Insulation. 

Tank  sides:  4  in.  air  space  between  studding,  i  in.  tongued  and 
grooved  match -boarding,  3  layers  of  insulating  paper,  1  in.  tongued 
and  grooved  match -boarding,  4  in.  space  filled  with  cork,  i  in. 
tongued  and  grooved  match-boarding.  3  layers  of  insulating  paper,  i  in. 
tongued  and  grooved  matchboarding,  2  in.  air  space,  1  in. 
tongued  and  grooved  match-boarding,  3  layers  of  insulating 
paper,  and  i  in.  tongued  and  gRioved  match-boarding.  Bottom,  i  in. 
space  between  strips,  fillets  or  studding,  well  (arred  before  tank  is 
placed  in  position,  1  in.  tongued  and  grooved  match-boarding,  3  layers 
of  insulating  paper,  i  in.  tongued  and  grooved  match-boarding,  1  in. 
air  space  between  strips,  fillets  or  studding,  i  in.  tongued  and  grooved 
match -boarding.  3  layers  of  insulating  paper,  1  in.  tongued  and  grooved 
match -boarding,  2  in.  by  9  in.  joists,  spaces  between  filled  with  cinders. 

Tank,  2  in.  air  space  between  fillets,  ^  in.  tongued  and  grooved 
match -boarding,  2  layers  of  insulating  paper,  J^  in  tongued  and  grooved 
match-boaiding,  4  in.  silicate  cotton  or  slag  wool,  ^  in.  tongued  and 
grooved  match-boarding,  2  layers  of  insulating  paper,  and  ^  in.  tongued 
and  grooved  match- boarding. 

Tank,  2  in.  air  space  between  studding,  layer  of  insulating  paper, 
J  in.  flooring,  2  layers  of  insulating  paper,  ^  in.  tongued  and  grooTcd 
boarding,  joists  on  concrete  or  ground,  spaces  between  filled  with  char- 
coal for  three-quarters  depth,  ^  in.  tongue*]  and  grooved  match- 
boarding,  a  layers  of  insulating  paper,  ^  in.  tongued  and  grooved 
match-boarding,  ground  or  concrete. 

In  Figs.  195  to  234  are  depicted  various  plans  for  insulation  which 
have  been  successfully  used  in  the  United  States.  Figs.  195  and  196 
illustrate  a  method  of  insulating  a  cold  store  recommended  by  the  Frick 
Company ;  Figs.  1 97  to  204,  various  methods  of  wall,  floor,  ceiling,  par- 
titaon,  door,  and  window  insulation,  and  Fig.  205  a  method  of  insulating 
a  lank  recommended  by  the  same  company.  Figs.  206  to  215  gives  %■ 
number  of  methods  of  wall,  flfwir,  ceiling,  door,  window,  and  tank  insu- , 
lation  used  by  the  Barber  Manufacluring  Company,  ami  Figs.  216  to- 
223  and  224  to  234  show  a  number  of  wall,  floor,  ceiling,  and  tank  insu- 
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lation  as  approved  Ijy  the  Triumph  Ire  Machine  Cunipaiiy.  The  e 
planatory  matter  un  the  drawings  suflicienliy  clearly  explains  the  co 
struction  of  the  above. 


Refrigerated  Railway  Vans. 

An  important  type  of  portable  refrigerator  is  that  a-iapled  to  meet 
the  requirements  of  railway  vans,  trucks,  cars,  or  waggons,  which  i' 
desirable  to  maintain  at  a  low  temperature  for  considerable  periods,  but 
which,  for  obvious  reasons,  it  is  undesirable,  in  liwng  so,  to  encumber 
with  machinery,  to  increase  in  weight  to  any  considerable  extent,  or  to 
render  in  any  way  necessary  the  employment  of  special  labour  to  take 
charge  of  same. 

The  frozen  meat,  as  a  nile,  arrives  in  good  condition  on  board  the 
vessels,  and  deterioration  in  quality  usually  takes  place  during  its  trans- 
ference to  the  ci>!d  stores  on  land,  and  again  during  the  subsequent 
ddivery  theie-rf  to  the  retailer,  when  the  meat  is  exposed  to  tem- 
peratures frequently  much  higher  than  what  is  required  to  preserve  il 
in  good  condition.  The  great  desideratum  for  this  purpose  is  a  plar 
which  will  avoid  the  necessity  ©f  carrying  the  source  of  refrigeratior 
upon  the  conveyance  itself,  and  this  the  I'ulsometer  Engineering  Com- 
pany, Limited,  claim  to  have  successfully  accomplished  in  their  system 
of  refrigeration  for  railway  trucks  or  cars,  and  other  portable  chambers, 
and  they  state  that  they  are  wilting  to  guarantee  to  maintain  below  the 
freezing  point  properly  fitted  portable  chambers  of  all  kimls,  for  ample 
time  for  transit  between  Penzance  and  .\herdeen. 

The  method  of  refrigeration  primarily  employed  in  vans  and  railway 
trucks,  was  to  effect  the  production  of  cold  with  mixtures  of  ice  and 
salt.  The  great  objection  to  this  arrangement  is  the  large  increment  of 
weight,  and  the  nuisance  and  damage  caused  by  the  moisture  due  to  the 
melting  ice. 

As  early  as  the  year  1867  a  refrigerator  car  was  constructed  in 
United  States  having  a  refrigerating  chamber  surrounded  by  an  air 
space.  A  fan  or  blower  was  pn^vided,  driven  off  one  of  the  car  axles 
and  air  was  forceii  by  this  blower  through  a  compartment  containing 
ice  into  the  refrigerating  chamber.  The  water  resulting  from  the  lique- 
faction of  the  ice  in  the  compartment,  which  had  a  capacity  of 
about  i  tons,  was  drawn  off  through  a  suitable  trap.  In  some  instancasi 
the  ice  was  replaced  by  a  refrigerating  miMure  passing  through  W 
suitable  pijw  in  the  icebox  or  c'hamher.  The  air  was  drawn  in  by  thd 
fan  during  the  forward  motion   of  the  car,   and   after  being  passed 
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through  the  ice-chamber  was  delivered  at  the  top  of  the  refrigeratiog    1 
chamber.     A  car  of  this  description  is  said  to  have  successfully  trans- 
ported meat  slaughtered  in  Illinois  to  New  Vork,  tiuring  the  hottest 
part  of  the  summer,   no  perceptible  deterioration  in  quality  having    ' 
occurred  during  the  ten  days'  journey. 


MM 
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Another  refrigerator  car  of  somewhat  similar  construction,  having 
the  e>:lemal  appearanre  of  an  (irdinary  freight  car,  has  an  ice-box  at 
each  e.\tremity  wherein  the  ice  i.s  placed  up<in  gratings  so  arrangei]  that 
a  current  of  cold  air  circulates  cominually  through  a  flue  situated  near 
the  tup  of  the  chamber,  o(er  the  surface  of  the  ice,  down  to  the  floor, 
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and  then  up  over  the  surface  of  the  ice,  liown  to  the  floor,  ami  then 
up  again  amongst  the  meat.  The  air  rirculatioii  is  maintained  by 
a  fan  operate!  in  a  like  manner  to  that  above  mentioned.  The  car  was 
also  Imilt  double,  with  inside  double  doors,  filled  in  with  char.-oal,  and 
the  temperature  of  the  meat  was  easily  kupt  at  about  40  I'ahr.  M-en 
in  the  hottest  weal  her. 

As  has  iiwOT  already  mentioned  Godell  uses  lampblack,  or  a  mis- 
"  ture  of  lampblack  and  mira  scale-s  as  non-conducting  material  for  use 
in  refrigerator  care. 

In  anuiher  arrangement,  also  used  in  America,  the  car  is  cooled 
b>  means  of  some  suitable  volatile  liquid,  ivhich  is  allnued  to  va|K>rise 


^lonly  thrriUgh  a  system  of  pipes  from  one  reservoir  into  an<ilher,  tl 
reducing  the  lemperalure  of  ihe  clianibcr.  An  objeciimi  (ci  t 
arrangement  is  the  ilanger  nf  leakage  of  the  volatile  liquid  taking  \i\. 
into  the  refrigerating  chamber. 

Fig.  J.?5  is  a  siile  elevati<jn  ponlj  in  s.-ction.  I'ig.  .',^fi  is  an  t 
tievation  partly  in  stciiim,  and  l'"ig.  J37  is  a  seciii.nal  plan  show 
a  refrigerator  van  or  waggim  biiill  frir  the  Cri-ai  Southern  and  Wesli 
Kaihv.iy  of  frelan.l.  These  illustrations,  which  are  r.-iimd unions  m 
reiluceil  scale  of  cuts  that  appeareil  in  "  Tec  ami  Culd  Sturage." 
self-explanatory. 

.A  refrigeral'T  van.  car,  or  waggon,  said  ti>  be  in  use  upon  the  lllir 
Central  Raihvav.  L'.S..  and  which  has  been  ilesigtied  an.l  paiciUtd 
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Mr.  H.  F.  Stanley,  the  foreman  iif  ihe  ear  department  at  New  Orleans^ 
Louisiana,  is  shown  in  Figs.  238  and  239  in  sectional  side 
elevation  and  in  plan,  and,  according  to  the  patent  specificali 
consists  essentially  of  the  following  features :  The  car  is  provideii  ivith 
three  floors,  viz.,  a  central  ur  main  floor  a,  which  slopes  in  a  downward 
direction  from  the  sides  of  the  van  towards  a  central  gutter,  which  runs 
through  its  entire  length,  and  sen-es  as  a  drain  to  carry  off  all  internal 
drippings;  a  lower  or  suh-floor  B,  lineil  with  paper-felt  ;  and  lastly 
a  false,  or  deck  floor  c,  formed  of  lattice  work,  ajid  arranged  in  sei 
fiivided  on  the  centre  line  of  the  car,  each  section  being  hinged  or' 
jointed  10  the  sides  of  the  latter,  as  to  admit  of  its  being  raised  or' 
folder!  up.  and  thus  allowing  of  access  to  the  central  or  main  floor  anJ 
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Fig.  236.-Refrigiii 


n  partly  in  Section. 


gutter  for  cleansing  pur^MJses.  Ventilating  door.-i  d  are  provided  at  each 
end  of  the  car,  through  which  a  current  of  air  can  be  admitted  which 
will  circulate  betHeen  the  main  floor  and  the  latticed  upper  floor, 
are  hatches  fitted  with  ventilating;  hoods,  and  removable  plugs,  and 
auxiliary  screens,  which  admit  of  filhng  the  ice  tanks  f. 

The  ice  tanks  or  boxes  are  formed  by  doors  or  swinging  partitions, 
hinged  or  jointed  to  ihe  roof  of  the  car  about  3  ft.  from  each  end,  so 
that  they  can  be  either  fastened  up  out  of  the  way,  as  shown  at  c,  Ot 
let  down  until  they  hang  vertically,  and  reach  the  floor,  as  shown 
Oi  fonning.  when  in  the  latter  position,  the  ice  compartment  or  chambo'. 
F.    Ai  a  height  .A  1  ft.  6  in.  above  the  upper  or  deck  latticed  floor  c- 
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this  ice  chamber  or  compartment  f,  is  proviilml  »  lit^i^lc  ur  false  flour  ii, 
which  consists  of  a  hinged  grating,  \^hich  can  be  brought  down  into 
the  position  shown  in  Fig.  238  or  can  be  folded  back  against  the  end 
of  the  car  when  not  in  use.  The  Mile  diMW  o[)enings  i  are  fitted  with 
cross-bars  j,  which  can  be  fixed  firmly  in  position  in  such  a  manner 
as  to  be  easily  removable  when  desired.  The  van  or  waggon  is  sup- 
ported upon  bogie  frames.  A  special  feature  in  the  arrangement  is  the 
very  great  facility  with  which  the  van  can  be  converted  from  an 
ordinary  car  or  waggon  into  a  refrigerator  car,  or  vice  vend, 
the  time  necessary  for  effecting  the  first- mentioned  change,  or  for 
folding  up  out  of  the  way  the  parts  forming  the  ice  chambers  or  com- 
partments, being  only  about  ten  minutes.  The  car  is,  therefore,  avail- 
able for  use  as  an  ordinary  freight  car  or  waggon,  or  as  a  refrigerator 


car  <)r  van.  The  iirincipa!  dimensions  of  this  van  ur  car  are  as  fol- 
low :  Length  of  frame.  37  feet  j  width  of  frame,  9  feet.  Outside  length 
of  car  body,  36  ft. ;  width  of  car  body,  9  ft.  Inside  length  of  car,  35  ft. ; 
width  of  car,  7  ft.,  from  wall  to  wall,  without  ice  chambers  or  compart- 
ments. Height  from  upper  or  deck  floitr  to  ceiling  plate.  8  ft.  Clear 
space  in  car  when  ice  chambers  or  tanks  are  in  position,  29  ft.;  width 
of  ice  chambers  or  tanks,  3  ft.  each ;  length  of  do.,  7  feet ;  capacity  of 
do.,  108  cubic  feet.  The  false  upper  or  deck  flooring  is  formed  of 
z  in.  by  4  in.  battens,  and  the  central  or  main  flooring  of  i  %  in.  by 
5  in.  battens.  The  lower  or  sub-flnor  has  a  ^s  in.  lining.  The  s|)ace  or 
clearance  for  the  circulation  nf  air  between  the  upper  or  deck  floor  ar 
the  central  ormain  floor  is  4  in.     The  width  of  the  gutter  in  ihe  centr; 
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or  main  floor  is  4  in.  The  doors  or  swinging  partitions  lnr  furming  ihe 
ice  chambers  or  compartments  are  conslrucied  of  2  in.  by  2)3  battens. 
The  width  of  the  side  door  openings  is  5  ft.  The  limbers  supporting 
the  bogie  trucks  or  carriages  are  S'i  inches,  and  the  centres  of  the 
latter  are  5  feet  from  the  end  of  the  car  or  \'an.  The  distance  between 
the  centres  of  the  wheels  in  the  trucks  is  5  ft,,  and  the  height  of  the  top 
of  the  truck  from  the  wheel  base  is  29  in. 

John  Lobrist,  of  Hanford,  California,  has  designed  a  refrigerator 
car,  comprising  vertical  ice  tanks  or  chambers  placed  at  each  end,  to 
which  chambers  access  can  be  had  for  charging  through  hatches  having 
hermetically  closing  doors.  These  chambers  are  surrounded  by  open- 
work waJIs  with  an  annular  aJr  passage  arranged  exteriorly,  and  a 
second  open  or  net-work  wall  located  outside  the  air  chamber.     In  a 


space  or  clearance  situated  exteriorly  to  the  air  chamber,  and  between 
the  latter  and  an  outer  closed  casing,  is  placed  a  layer  or  filling  of  salt. 
A  lining  extends  right  across  the  top  of  the  car  and  from  end  to  end 
thereof,  so  as  to  form  a  passage  between  it  and  the  roof;  and  a 
central  opening  which  communicates  with  the  body  c^f  the  car,  and 
openings  at  the  extremities  which  give  access  to  air  passages  surround- 
ing the  ice  chamber,  are  also  pro™le^.  Centrally  along  the  floor  of 
the  car  is  a  passage,  around  and  over  which  passage  the  boxes  are 
packed,  openings  being  provided  between  the  opposite  ends  of  the 
passage  in  question  and  the  lower  ends  of  the  refrigerating  air 
chambers  at  the  ends  of  the  car.  I-ans  mounted  in  these  openings  cause 
a  ciit;ulation  of  air  to  take  place  through  the  refrigerating  chamber 
and  the  body  of  the  car,  the  air  returning  through  the  air  passages 
adjacent  10  the  roof  of  the  latter.     The  air-circulating  mechanism  is 
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en  by  an  arrangement  of  gearing  from  the  axles  nf  the  car,  which 
['Operates  the  pislons  or  plungers  of  compressor  cylinders  connected 
\  with  compressed  air  receivers  nr  resen'olrs.  The  air  thus  compressed 
is  employed  to  drive  mnliir  wheels,  which  in  lum  drive  the  fans,  A 
compressor  cylinder  fixed  to  a  frame  to  which  the  rrank-shaft  working 
the  compressor  pistons  or  plungers  is  joumalled,  and  which  cylinder 
is  connected  throuj;h  a  suitable  pipe  with  the  compressed  air  receiver 
or  reservoir,  admits,  by  allowing  air  under  pressure  to  enter  the  cyliji- 
der,  of  so  acting  upon  its  piston  or  plunger  as  to  raise  the  journal 
frame  and  crank-sha/t,  thereby  liisengaging  the  dri\ing  gear  and  stop- 
ping the  action  of  the  pumps,  when  desired. 

Refrigerator  cars  have  also  been  designed,  fitted  with  refrigerating 
machinery.  One  type  of  car  patented  by  M.  E.  Schmidt  and  T.  J.  Ryan, 
of  York,  U.S.,  has  an  installation  nf  refrigeratJng  machinery  on  the 
ammonia  compression  system.       A  dynamo,  driven  from  one  of  the 
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-arles.  supplies  current  ii>  an  eleetro-motor  and  to  a  storage  battery. 
The  compressor  is  in  this  manner  driven  by  electric  power,  and  by 
means  of  the  storage  battery  ran  be  continued  in  operation  for  a  cer- 
tain time  whilst  the  car  is  at  rest. 

An  attempt  has  been  recently  made  in  the  United  States,  by  the 
Standard  Butter  Company,  Owego,  New  York,  to  refrigerate  or  coot 
a  car  or  van  for  the  transport  of  butter,  by  the  application  of  liquid 
,»ir.  The  refrigerator  car  used  was  an  ordinary  one,  and  the  expense 
of  adapting  it  for  the  test  was  only  about  ,^5. 

The  cooling  apparatus  is  extremely  simple,  consisting  merely  of 
about  200  feet  of  2  in.  galvanised  iron  pipe  coiled  on  the  ceiling,  and 
running  lengthways  from  end  to  eml  of  the  car.  This  pipe  is  con- 
nected to  a  small  cylindrical  galvanised  iron  tank  some  4  ft.  high,  and 
2  ft.  in  diameter,  which  is  fixed  in  one  comer  of  the  car,  and  con- 
tains the  liquid  air.     From  this  iron  lank  the  liquid  air  is  forced  at    ' 
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a  pressure  of  about  four  pounds  to  the  square  inch,  to  the  coil  of  pipe 
overhead,  an  arrangement  which,  it  is  claimed,  admits  of  the  tempera- 
ture of  the  van  being  raised  or  lowered  at  the  will  of  the  operator. 

According  to  reports  of  the  test,  within  an  hour  from  the  first  appli- 
cation of  liquid  air  to  the  van,  the  temperature  was  reduced  to  15  de- 
grees below  zero,  and  held  at  that  point  for  three  hours.  The  tank  used 
contained  sufficient  liquid  air  to  keep  the  temperature  down  for  twenty- 
four  hours  without  having  to  be  re-charged.  The  air  in  the  van  was 
found  to  be  perfectly  pure,  there  being  no  moisture  anywhere  to  be 
seen,  very  little  frost  on  the  pipes,  and  no  drip  whatever.  After  the 
test  the  floor  was  clean  and  dry,  and  the  truck  itself  presented  in  ever> 
way  a  much  more  pleasing  look  than  when  ice  is  used,  with  its  waste 
and  continual  drip. 


CHAPTER  XIV. 


REFRIGERATION  AND  COLD  STORAGE  {eaniiNued). 

Hoisting  and  Conveying  Miichincrj'. 


J  of  cranes,  and  hoists  and  lifts,  are  required  in  a  cold  store 
of  any  size  for  handluig  the  carcasses.  The  first- mentioned  do  not 
differ  materially  from  those  employed  in  factoiies,  warehouses,  etc., 
the  second,  however,  are  u.sually  of  special  construction.  The  motive 
power  may  he  either  steani,  gas,  compressed  air,  water  under  pres- 
sure, or  electricity.  The  advantages  of  hydraulic  power  are:  Per- 
fect security  in  handling  the  loail  when  raising  or  lowering  it,  and  being 
able  to  stop  the  load  in  any  position.  Great  simplicity  of  construction. 
Facility  erf  operating  enabling  skilletl  cqjerators  to  be  dispensed  with. 
Relatively  small  cost  of  construction  and  operation,  Noiselessness  in 
action.  The  provision  of  water  under  pressure  on  the  premises  in  case 
of  fira  All  the  above  advantaj^es  are  also  applicable  to  the  use  of 
electricity,  and  the  latter  power  has  the  further  advantage  of  being  un- 
affocteil  by  cold.  Space  does  not  admit  of  more  than  touching  briefl) 
upon  this  portion  of  the  subject,  and  of  giving  illustrations  and  short  ■ 
descriptions  of  two  or  three  carcass  hoists  by  way  of  example.  Short 
descriptions  of  cranes,  hoists,  and  conveyors  for  handling  ice  will  be 
found  in  the  chapter  on  "Ice-making." 

Figs.  240  to  245  show  various  views  of  an  automatic  electric  beef 
hoist,  designed  by  Messrs.  J.  G.  Childs  and  Co.,  Ltd.,  London.  The 
ccinstnictionof  the  hoist  will  be  readily  understood  from  the  drawing.  It 
consists  of  any  suitable  number  of  cradles,  in  this  instance  ten,  running 
in  vertical  guides,  and  suspended  from  two  endless  chains.  Two  hinged 
platforms  are  provided  at  each  floor,  the  one  for  loading  and  the 
other  for  unloading,  and  these  platforms  are  turned  backoutof  the  way 
at  all  the  floors  not  in  use.  In  order  tn  load  the  hoist,  the  loading 
platform  on  any  of  the  floors  is  tiimeLl  into  position  to  receive  the 
carcasses,  which  are  then  placei.l  (me  by  one  upon  this  platform,  the 
next  cradle  in  rising  lifting  the  quarter  of  beef  and  carrying  it  up  over  i 
the  top  of  the  lift  and  down  on  the  other  side,  finally  depositing  itj 
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automatical])'  upon  whit-hever  of  the  hinged  receiving  plalformS  or 
forks  that  has  been  adjusted  into  position  to  receive  it  and  lift  it  off  the 
cradle.  The  cradles  are  kept  in  ihe  same  position  and  are  prevented 
from  swinging  or  moving  laterally  during  the  rising  and  descending 
movement  of  their  vertical  travel  by  means  of  the  vertical  arms  shown, 
one  nf  which  is  proviiieiJ  at  each  side  of  the  cradle,  and  is  fitted  at  each 
extremity  with  rollers  engaging  between  vertical  guides.  The  upper 
ends  of  these  arms  are  connected  to  the  endless  carrying  chains  of  the 
hoist,  and  the  cradle  is  secured  to  the  lower  ends  of  these  arms  or 
levers.  When  each  of  the  crailles  reaches  the  upper  or  lower  sprocket 
or  chain  wheels  supporting  the  endless  chains,  and  is  passing  round 
them,  the  mllers  on  its  arms  or  levers  pass  clear  of  the  guides,  and  it 
will  he  seen  that  the  cradles  are  consequently  permitted  to  swing  free 
from  their  pivot  at  the  upper  end  of  these  levers,  and  thus  to  retain 
a  vertical  position  whilst  passing  roun<l  the  upper  and  lower  sprocket  or 
chain  wheels.  After  clearing  the  sprocket  or  chain  wheels  the  rollers 
on  the  vCTtical  arms  or  levers  once  more  engage  in  the  vertical  guides. 

The  beef -hoist  motor  (which  is  a  Weslinghouse  3;^  horse-power 
electric  motor)  is  located  at  ihe  upper  extremity  of  the  hoist,  and  is 
geared  through  a  worm  wheel,  the  thrust  of  which  is  taken  up  by  ball- 
bearings, which  have  been  found  greatly  to  reduce  the  friction  of  the 
gearing.  The  switching  arrangements  enable  the  above  motor  to  run 
on  either  a  530  volt  current,  or  on  a  400  volt  current. 

The  motor  can  only  be  started  from  the  weighbridge  room,  which 
latter  is  situated  on  the  ground  floor,  but  it  can  be  stopped  by  means 
of  any  of  the  press  buttons  placed  on  the  various  floors. 

Fig.  246  shows  a  portion  of  one  of  Childs*  patent  hoists  or  elevators 
erected  at  the  Campania  Sansinena's  Cold  Stores,  Long  Lane,  Smith- 
field,  London,  with  a  quarter  of  beef  in  position  on  one  of  the  cradles. 

This  beef  hoist  has  a  capacity  equal  to  the  delivery  of  about  300 
quarters  of  beef  per  hour  on  the  uppermost  floor  of  the  store,  which 
in  Ihe  example  shown  is  four  storeys  in  height,  at  a  cost  of  about  two- 
pence-halfpenny per  hundred  quarters.  A  considerable  saving  of 
labour  can  be  effected  by  the  use  of  this  lift,  inasmuch  as  by  its 
>  automatic  system  of  delivery,  it  enables  a  number  of  hands  that 
.  would  be  otherwise  required  for  the  removal  and  handling  of 
the  heavy  quarters  of  beef  to  be  dispensed  with.  The  carcasses 
are  delivered  in  close  proximity  to  the  chambers,  and  could,  if 
desired,  be  easily  slid  on  suitable  chutes  or  inclines  to  and  through 
I  the  doors  of  the  chambers,  and  be  thus  passetJ  entirely  automatically 
into  the  latter. 
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The  elevatura  for  ihe  Southamptun  Cold  Storage  Company  have 


likewise  been  designed  and  are  being  supp 


ied  by  Messrs.  Chilfl' 
These  elevators  are 
each  intended  to  take 
the  produce  from  the 
ship's  side,  raise  it 
about  50  feet  vetti- 
rally,  and  then  convey 
it  for  about  another 
50  feel  horiarinially, 
linally  automatiraJly 
depositing  it  at  the  de- 
sired spot.  Each  ele- 
vator will  be  capable 
of  dealing  with  about 
1 .800  carcasses  of 
mutton  per  hour,  or 
about  600  quarters  of 
beef,  barrels,  ot  Conti- 
nental    egg-cases     per 

It  will  be  seen  that 
these  lifts  are  really 
combined  elevators 
anrl  conveyors. 

Fig.  247  is  a  view 

shfiwing  a  portion  of  a 

mutton  hoist,  also  con- 

.stmcted      by     Messrs. 

rhil.ls,  and  working  at 

the    Campania    Sansi- 

iiL-iiiis    Cold    Store    in 

T.findon.       This  hoist, 

it    will    lie    seen,    con- 

;,  ._  ^.sts   of   two   vertically 

arranged  parallel  end- 

Kij;.  14:.— .Vliiikm  Hoim  in  London  Culii  Slorc,  less  chains,  carrying  at 

intenals       sheet-iron 

trough-shaped  cradles  or  carriages,  into  which  the  carcasses  are  placed, 

and  from  which  they  are  removed  by  hand.     The  hoist  is  operated  by^ 

an  electric  motor  located,  in  this  instance,  at  the  bottom. 
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This  mutton  hoist  is  capable  of  delivering  about  700  carcasses  of 
frozen  sheep  per  hour  at  the  top  or  fourth  floor  of  the  store  at  a  cost 
of  about  three  farthings  per  hundred  carcasses. 

Figs.  248  and  249  are  two  views  showing  an  external  carcass  hoist 
or  lift  erected  at  Nelson's  Cold  Storage  Wharf,  Lambeth,  by  Messrs. 
R.  Waygood  and  Co.,  Ltd.,  Falmouth  Road,  London,  for  raising  frozen 
carcasses  from  barges  lying  in  the  river,  and  delivering  same  to  the  top 
of  the  cold  store,  from  where  they  are  distributed  to  the  various  floors 
by  means  of  internal  lifts. 

This  lift  or  hoist  consists,  as  will  be  seen  from  the  cuts,  of  a  number 
of  cradles  carried  by  two  parallel  endless  chains  mounted  upon 
sprocket  or  chain  wheels,  those  at  one  end  being  carried  upon  a  long 
arm  or  jib  pivoted  at  its  upper  extremity  to  a  suitable  platform,  and 
capable  of  being  swung  or  moveii  by  hydraulic  fM>wer  into  various 
angles  relatively  to  the  platform,  so  as  to  enable  the  carcasses  from 
barges  lying  at  different  distances  from  the  wall  of  the  store  to  be 
raised,  as  shown  in  Fig.  249.  The  endless  chains  carrying  the  cradles 
pass  over  sprocket  or  chain  wheels  provided  upon  the  platform  to  other 
sprocket  or  chain  wheels  situated  within  the  building  at  the  point  of 
discharge. 

Another  large  cold  store  in  London,  with  river  frontage,  in  which 
the  carcasses  are  also  taken  in  from  the  top,  and  conveyed  down  by 
lifts  to  the  various  floors  below,  has  at  the  upper  part  of  the  building 
a  crane  with  a  very  long  jib,  enabling  barges  lying  at  a  considerable 
distance  from  the  wharf  to  be  reached.  The  carcasses  are  raised  from 
the  barges  by  means  of  this  crane  in  a  sailcloth,  a  number  at  a  time, 
and  are  delivered  to  a  suitable  platform  at  the  top  of  the  store,  from 
whence  they  can  be  delivered  to  the  vertical  internal  lifts,  and  con- 
veyed thereby  to  the  various  floors. 

In  some  stores  lifts  capable  of  carrying  both  passengers  and  meat 
in  trucks  are  employed,  and  also  lifts  of  the  onlinar)-  dire(^t-arting  t\pe, 
with  arrangements  for  tipping  automatically  at  the  end  of  the  stroke 
so  as  to  effect  the  discharge  of  the  loads  on  to  a  receiving  table,  the 
latter  being  in  use  at  the  Victoria  Dock,  London.  At  the  West  India 
Dock  there  are  four  hydraulic  lifts,  which  are  supix)rted  on  one  .side 
only  in  the  form  of  a  bracket,  and  the  greater  part  of  the  work  of 
transporting  the  frozen  carcasses  is  carried  out  by  gravitation. 

In  the  West  Smithfield  store,  besides  two  lifts  by  Messrs.  R.  Way- 
good  and  Company,  capable  of  carrying  either  passengers  or  goods, 
there  are  two  other  lifts  designed  by  Mr.  H.  F.  Donaldson,  M.I.C.E..* 

♦  **  Proceedings   of    the    Institution   of  Civil    Engineers,"   vol.    cxxix.,   Session 
1896-97.     Part  iii. 
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which  are  so  arranged  that  carrasses  of  meat  are  loadeil  at  the  receiv- 
ing platform,  where  the  attendant  in  charge  is  already  informed  by  the 
taliynvan  as  to  the  rhannher  into  which  the  variiMis  loads  are  to  go, 
By  levers  he  throws  the  points  over  to  the  floor  on  which  the  carcasses 
have  to  be  disi-harged,  and  starts  the  lift,  after  which  he  need  only  let 
the  lift  run  its  course,  as,  when  it  reaches  the  point  at  which  the  turn- 
out has  been  prepared,  an  automatic  cut-off  in  connection  with  the 
lever  comes  into  play,  and  the  machine  is  stopped  at  the  eatact  place 
at  which  the  best  result  in  discharging  is  to  be  obtained.  In  [wactice, 
howe\'er,  the  driver  generally  slackens  the  speed  of  travel  just  before 
reaching  the  point  of  discharge,  so  as  to  avoid  the  jar  which  results 
from  the  automatic  cut-nff  due  to  the  high  speed  at  which  these  lifts 
travel.  The  meat  so  dischargeii  on  lo  a  table  overhead,  naturally  (alls 
away  by  gravitation,  am^passes  along  chutes  directly  into  the  i-hamber 
for  which  it  is  inlMvled  ;  so  that  from  the  time  the  meat  is  placed  upon 
the  lift  at  the  bottom,  it  only  requires  to  be  clirected  into  its  pn^)er 
chute  from  the  receiving-table,  and  has  not,  of  necessity,  to  be  again 
lifted  until  it  reaches  the  chamber  in  which  it  has  to  be  stored. 

A  lowerir^  apparaliis  of  e\tremely  simple  and  ingenious  construc- 
tion which  is  much  employed  in  the  United  States,  consists  essentially 
of  a  cage  guided  by  two  supporting  angle  irons,  and  somewhat  more 
than  balanced  by  a  weighted  piston,  which  latter  is  fitted  with  a  sted 
air  tube  located  at  the  rear.  This  air  tube  is  perforated  in  order  to 
admit  of  the  air  escaping  therefrom  when  the  piston  rises  during  the 
lowering  of  the  cage,  and  the  perforations  near  the  upper  emi  or  top 
of  the  tube  are  regulated  in  size  and  made  smaller  so  as  to  cushioit 
the  air  as  the  cage  reaches  the  lower  level.  Tn  operation,  as  soon  as 
the  cage  is  loaded  it  descenils  very  rapidly,  ajid  is  brought  gradually 
to  rest  in  the  last  two  or  three  feet  of  its  downward  course.  As  soon 
as  the  cage  reaches  the  bottom  level  it  engages  with  a  lever  and  is 
automatically  upset  or  tilted  so  as  to  turn  out  its  load  on  the  lower 
platfonn,  and  directly  it  is  relieved  of  its  load  the  cage  rises  or  ascends 
rapidly  under  the  action  of  the  loaded  piston  located  in  the  air  tubft. 
the  piston  and  cage  being  brought  fi  rest  by  air  cushioning  at  ihei 
bottom  of  the  tube  in  a  manner  practically  similar  to  that  already  ni«i- 
tioned.  It  will  he  seen  that  this  lift  or  lowering  apparatus  operater 
entirely  by  gravity,  and  requires  no  motive  power  whatever. 

Tlus  apparatus  could  be  advantageously  employed  wherever  the 
dimensions  of  a  room  or  chamber  are  so  limited  as  to  render  the  use^ 

of  an  ordinary  "  run  way  "  or  "  sliding  way  "  inadvisable  owing  to 

sitating  too  steep  a  gradient  in  the  latter. 


CHAPTER  XV. 
REFRIGERATION  AND  COLD  STORAGE  (continued). 

Proper  Methods  of  Storing,  and  Temperatures  for  the  Cold  Storage  of  Various 
Articles. — Meats  and  Fish. — Butter. — Cheese. — Milk. — Eggs. — Fruits. — Vege- 
tables.— Table  of  Temperatures  for  Cold  Storage  of  Various  Articles. 

Speaking  generally,  cold  storage  rooms  or  <#iambers  are  maintained 
at  a  temperature  of  somewhere  near  34°  Fahr. ;  rooms  or  chambers  for 
chilling  at  about  30**  Fahr. ;  and  freezing  rooms  or  chambers  at  any- 
thing between  0°  Fahr.,  or  lower,  and  10°  Fahr. 

Meats  and  Fish. 

The  freezing  and  storing  of  meat  has  been  already  touched  upon 
in  the  previous  chapter.  Fish  is  by  no  means  an  easy  article  to  deal 
with,  and  it  is  maintained  by  many  that  the  best  method  of  preserving 
it  is  to  pack  with  ice.  Indeed,  attempts  to  employ  refrigeration  on 
steam  trawlers  have  not  been  signalised  by  remarkably  good  results, 
and  the  old  plan  of  an  ice  room  still  holds  the  leading  place.  The 
following  is  a  method  of  freezing  fish,  described  by  a  successful  firm  in 
the  United  States :  "  When  the  fish  are  unloaded  from  the  boats 
they  are  first  sorted  and  graded  as  to  size  and  quality.  These  are 
placed  in  galvanised  iron  pans  22  in.  long,  8  in.  wide,  and  2%  in. 
deep,  covered  with  loosely-fitting  lids,  each  pan  containing  about  twelve 
pounds.  The  pans  are  then  taken  to  the  freezers.  These  are  solidly 
built  vaults,  with  hea\7  iron  doors,  resembling  strong  rooms,  and  filled 
with  coils  of  pipes,  so  arranged  as  to  form  shelves.  On  these  shelves 
the  pans  are  placed,  and  as  one  feature  of  the  fixtures  is  economy  of 
space,  not  an  inch  is  lost.  The  pans  are  kept  here  for  twenty-four 
hours  in  a  temperature  at  times  as  low  as  16°  below  zero.  Each 
vault  or  chamber  has  a  capacity  oi  2%  tons,  and  there  are  sixteen  of 
them,  giving  a  total  capacity  of  40  tons,  which  is  the  amount  of  fish 
that  can  be  frozen  daily  if  required. 

On  being  taken  out  of  the  sharp  freezers  the  pans  are  sent  through 
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a  bath  of  cold  water,  and  when  (he  fish  are  removed  th^-  are  frozen  in 
a  solid  cake.  These  cakes  are  ihen  taken  tc)  the  cold  storage  ware- 
house, which  is  (livideii  into  chambers  built  in  two  storeys,  almost  the 
same  as  the  sharp  freezers.  The  cakes  of  fish,  as  hard  as  slon^  are 
packed  in  tiers,  and  remain  in  gnnd  condition  ready  for  saJe. 
possible  to  preserve  them  for  an  indefinite  time,  but  as  a  rule  frozen 
fish  are  only  kept  for  a  season  of  from  six  to  eight  months.  Thej-  are 
frozen  in  the  spring  and  fall,  when  there  is  a  surplus  of  fish,  and  sold 
generally  in  the  winter,  or  in  the  close  season,  when  fresh  fish  ca 
I'e  obtained."' 

For  shipment,  says  the  same  authority,  fish  may  be  packed  in 
rels  after  the  following  directions:  "Put  in  a  shovelful  of  ice  at  the 
bottom  of  the  barrel,  and  be  always  careful  to  see  ihal  auger  holes 
are  bored  into  the  bottom  of  the  barrels,  to  let  the  water  leak  oi 
fast  as  it  is  produced  by  the  melting  ice.  After  putting  in  a  shovdful 
of  fine  ice,  cnisheil  by  an  ice  mill,  put  in  about  fifty  pounds  of  fish; 
then  another  shovelful  of  ice  on  top  of  the  fish,  etc.,  until  the  barrel 
is  full,  always  leaving  space  enough  on  the  top  fif  the  barrel  to  hold 
about  three  shovelsful  of  ice.     By  shovels,  scoop  shovels  are  meant." 

The  following  is  said  to  be  the  usual  method  adopted  in  salmon 
freezing  works  on  the  Pacific  Coast :  The  choice  steel  head  and 
Chinook  salmon  are  received  in  a  large,  airy  room,  where  they  »re 
wa.shed,  thoroughly  cleansed,  am!  laid  upon  large  trays,  which  are 
ranged  in  tiers  one  above  the  other.  When  a  truck-load  of  these  tray 
is  filled  it  is  wheeled  into  the  freezing  room,  where  it  remains  about 
36  hours.  The  cars  are  then  wheeled  into  the  packing  room.  Here 
the  fish  are  placed  upon  a  large  elevator  or  dipping  machine,  and 
Bubmergeil  in  a  vai  of  cold  water.  They  are  then  let  stand  for  a  few 
minutes,  and  a  thick  coating  of  ice  is  formed  around  each  fish.  The 
fish  are  then  wrapped  separately  in  paper  and  packeil  in  boxes,  which 
are  put  into  refrigerator  cars  and  Sihippal  to  the  market.s  of  the  world. 


BlTTTER. 

Butter  can  be  preserved  by  either  keeping  it  in  a  chamber  at  the'' 
ordinary  cold  storage  temperature,  or  by  freezing,  the  latter  being  said- 
to  give  the  best  results  as  regards  the  retention  of  the  flavour  and  Otha 
qualities  of  the  butter.  For  lengthened  storage  it  is  recommended  to 
freeze  the  butter  rapidly  at  a  temperature  of  from  5°  to  10°  Fahr., 
afterwards  to  keep  it  at  about  10"  Fahr. 


A 
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The  thawing  can  he  effected  by  simply  removing  it  from  the  freez- 
ing chamber,  and  when  selling  it  is  desirable  to  allow  the  butter  to 
stan<l  for  a  short  time  in  order  to  develop  the  flavour. 

Cheese. 

Cheese  should  not  be  placed  in  cold  st(;rage  until  it  is  getting  on 
in  ripening,  so  as  to  prevent  unpleasant  odours,  and  it  should  not  be 
previously  subjected  to  any  high  temperatures.  Cheese  is  better  not 
frozen,  but  in  case  the  latter  should  occur,  the  thawing  must  be 
gradual,  and  it  is  advisable  to  consume  it  as  soon  as  pdfesible,  as  it 
will  not  keep  long  after  this  has  occurred.  If  the  atmosphere  of  the 
room  is  too  dry  the  cheese  will  shrink  and  crack,  and  on  the  other 
hand,  if  damp,  the  cheese  will  become  mouldy. 

Milk. 

Milk  should  only  be  kept  in  cold  storage  for  limited  iieriods.  A 
method  has,  however,  l)een  proposes],  ac(M)r(ling  to  Prof.  Siebel,  for 
concentrating  milk  by  the  freezing  process  l)y  which  part  of  the  water 
in  the  milk  is  converted  into  ice.  The  ice  is  allowed  to  form  on 
the  surface  of  the  pans,  which  are  placed  in  cold  rooms,  and  the  surface 
of  the  ice  is  broken  frequently,  to  present  a  fresh  surface  for  freezing. 

The  refrigeration  and  cold  storage  of  milk  will  be  found  further 
dealt  with  in  the  chapter  on  "  Various  Other  Manufacturing  and 
Industrial  Applications,"  pages  396  to  401. 

Eggs. 

Eggs  can  be  kei)t  in  cohl  .storage  for  some  months,  hut  the  <lifficul- 
ties  to  be  overcome  in  order  to  ensure  success  are  considerable. 

The  contents  of  eggs  can  be  stored  in  bulk,  to  effect  which  the 
eggs  are  emi)tied  into  tin  cans  containing  about  fifty  jjounds  and 
stored  at  30**  Fahr.  They  will  keep  for  any  reasonable  length  of  time, 
but  must  be  used  quickly  after  thawing. 

In  the  United  States,  where  much  attention  has  been  given  to  the 
cold  storage  of  eggs  and  where  the  value  of  the  eggs  placed  in  cold 
storage  annually  is  estimated  at  about  $20,000,000  (and  it  must  be 
remembered  that  the  prices  there  are  low,  and  consequently  this  sum 
represents  a  very  large  quantity),  many  concerns  met  with  financial 


disaster,  and  these  whiih  have  succeetled  have  hail  li>  instil  net 
systems  and  make  e.\pensive  chajiges. 

It  is  impi)rlant  that  eggs  for  cotiJ  sttirage  should  be  very  carefully 
selected,  aiiri  that  every  bad  one  should  bfc  picked  nut  by  candling. 
Considerabie  attention  has  been  given  in  lieigium  to  the  cold  storage  of 
eggs,  and  at  a  large  establishment  (La  Fermiere)  in  Brussels  the  fullo*- 
ing  is  the  process  carried  out.  On  arrival  the  eggs  are  rapidly  in- 
spected by  means  of  an  egg-testing  machine,  which  consists  briefly  oC 
a  frame  fitted  with  an  endless  moving  carrier  worked  by  band,  and 
constructed!  of  bobbins  fitted  closely  together  and  lined  with  cloth, 
thus  afFttfdifig  arrurale  hollows  in  which  the  eggs  may  be  placed 
Over  the  central  portion  of  the  frame  is  constructed  a  rlark  chfunbet 
or  room  through  which  the  carrier  moves,  and  beneath  the  carrier  in 
this  dark  chamber  is  a  powerful  eleclrit^  lamp  by  which  the  spoU 
or  dark  colour  of  the  bad  eggs  will  be  shown  up.  This  apparatus 
admits  of  an  exceedingly  rapid  inspection,  a  large-si^ed  one  installed 
at  the  works  in  question  beinj;  capable  of  dealing  with  between 
four  and  five  hundred  eggs  per  minute-  The  eggs  are  fed  on  trays  to 
the  testing  machine,  and  after  testing  are  placed  in  cases  of  from 
three  to  five  hundred,  the  smaller  package  being  found  to  be  the 
most  convenient  for  handling.  These  cases  are  first  taken  to  an  oute[ 
egg  store,  where  tliey  are  reduced  to  a  temperature  of  about  33'  Fahr, 
From  there  they  are  removei.i  to  the  general  store  where  they  are  kept 
at  a  temperature  just  below  freezing.  The  cold  rooms  are  provided 
with  large  air  locks  or  lobbies. 

An  important  point  to  be  attended  to  in  the  cold  storage  of  egg* 
is  the  correct  relative  humidity,  too  dry  a  temperature  will  cause 
serious  evaporation,  and  too  moist  a  temperature  will  produce  mould, 
and  the  exact  relative  humidity  most  suitable  does  not  seem  to  be 
understood  e\'en  in  the  United  States,  judging  from  the  remark  re- 
ported to  have  been  made  to  a  refrigerating  expert  by  a  promiDCiit' 
commission  man  who  rJjserved,  alluding  to  storage  eggs :  "  You  storage 
men  are  between  the  devil  and  the  deep  sea.  You  always  shrink 
'em  or  stink  "em,"  by  which  he  meant  that  eggs  held  any  length  o(l 
time  in  cold  storage  would  show  either  a  considerable  evaporation  or  a^ 
radical  "  musty  "  flavour. 

The  above  raiders  it  necessary  to  carefully  provide  for  the  ventila- 
tion of  egg  stores,  and  is  the  reason  why  ab.iorbents  for  drying  the  air 
are  largely  used.  An  excellent  arrangement  fur  this  purpose  is  that 
which  has  been  already  shown  in  Fig.  168,  p.  369,  which,  as  has  been 
already    mentioned,    has    been    designed    by    Mr.    Madison    Coopw, 
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of   Minneapolis,   Minn.,   U.S.,   especiaJJy   for  the   ventilation   of  egg 
stores. 

According  to  the  above  authority  the  following  is  the  correct  rela- 
tive humidity  for  a  given  temperature  in  egg  rooms : — 


Temperature 
in   degrees  Fah-. 

28 
29 

30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 


Relative    Humidity 
per  cent. 

80 

7« 
76 
74 
71 
00 

^>7 

^>5 
62 

to 
5« 

53 


It  is  impossible  within  the  space  at  command  to  deal  even  com- 
paratively fully  with  the  subject  of  egg  storage,  and  to  those  interested 
the  author  would  strongly  recommend  the  perusal  of  a  little  work  by 
Mr.  Madison  Cooper  entitled  "  Kggs  in  Cold  Storage,"  and  published 
by  Messrs.  H.  S.  Rich  and  Co.,  Chicago,  U.S. 


P'ruits. 

It  may  be  taken  as  a  general  rule  that  all  green  fruits  should  not 
be  allowed  to  wither. 

Citrus  fruits  (orange,  lemon,  citron,  lime,  forbidden  fruit,  or  shad- 
dock, etc.)  should  be  kept  dry  until  the  skin  has  yielded  its  moisture, 
upon  which  the  drying  process  should  be  arrested. 

There  is  no  particular  practice  for  bananas  as  the  ripening  will 
have  to  be  govemetl  according  to  the  demand,  and  it  may  be  taken  that 
the  ripening  of  this  fruit  can  be  manipulatetl  at  will. 

Tender  fruits  are  better  placed  in  colrl  storage  when  just  ripe  as 
they  then  keep  better  than  when  brought  in  before  being  fully  ripe. 
According  to  Prof.  Siebel  sour  fruit  will  not  bear  as  much  cold  as 
sweet  fruit.  Catamba  grapes  will  suffer  no  harm  at  26°  Fahr.,  while 
36°  Fahr.  will  be  as  cold  as  is  safe  for  a  lemon.  The  spoiling  of  fruit 
at  temperatures  below  40^  Fahr.  is  due  to  moisture. 
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Tender  fruits,  such  as  pears,  must  be  stored  whilst  finn,  and  must 
be  very  carefully  handleij,  and  the}-  should  he  wrapped  in  paper. 
Once  the  chemiral  changes  which  cause  ripening  have  set  in  it  is  too 
late  to  place  them  in  cold  storage.  After  being  kept  in  cold  storage 
pears  will  spoil  very  quickly  on  removal. 

Lemons  as  a  rule  cannot  be  kept  in  cold  storage  for  over  four 
months,  although  it  is  stated  that  those  stored  during  January, 
February,  and  March  will  keep  good  for  five  months. 

Grapes  do  not  keep  we!l  in  cold  storage,  and  lose  most  of  their 
flavour  and  taste.  The  harder  species  naturally  keep  better  than  the 
softer  ones.  Grapes  Jose  more  of  their  flavour  when  kept  at  a  tem- 
perature of,  say,  jj"  Fahr.,  than  they  do  when  kept  at  40°  Fahr.  An 
important  point  is  to  carefully  pick,  select,  and  pack  the  fruit,  and  it 
ii  to  be  noted  that  a  single  rotten  grape  will  taint  a  whole  lot. 

Black  currants  can  he  kept  sound,  fresh,  and  clear  for  ten  days, 
after  which  the  fruit  begins  to  wrinkle. 

Red  currants  can  be  kept  sound  for  six  weeks.  Temperature 
26°  to  36°  Fahr, 

Ch^ries  can  be  presen*e<.l  for  from  ten  days  to  a  fortnight  at  t. 
temperature  of  36"  Fahr. 

Strawberries  can  be  preserved  in  giwd  condition  for  fifteen  days, 
and  even  longer  if  special  precautions  are  taken  such  as  surrounding 
the  fruit  with  cotton  wool,  or  placing  it  in  sieves  covereil  with  the  same 
material.  The  best  temperature  is  found  to  be  30"  Fahr.  Peaches 
will  keep  in  prime  condition  for  a  month  or  six  weeks.  The  s 
remarks  as  regards  selection  apply_  equally  in  these  cases,  as,  indeed, 
they  do  more  or  less  to  all  fruits. 

Apples  most  not  be  kept  in  too  dry  an  atmosphere,  as  it  thi; 
done  they  will  be  wihed  or  withered,  and  their  appearance  spoilt ;  this  is 
more  especially  the  case  when  they  are  kept  at  a  comparatively  hi^ 
temperature.  On  the  other  hand  too  moist  an  atmosphere  and  high  1 
temperature  will  cause  the  apples  to  burst.  The  storage  of  applet 
may  be  effected  either  in  barrels  or  boxes,  or  in  bulk,  first-rate  results 
being  obtainable  with  all  provided  proper  precautions  as  to  teTapeni>-> 
ture  and  moisture  are  taken. 

A  process  for  preserving  fruit  has  been  lately  invented  ami  patented 
by  Mr.  A.  W.  Lawtun,  which  is  said  to  have  proved  completely  i 
factory  in  an  esperimental  trial  of  twenty-one  days  with  tomatoes,  pincf 
apples,  and  grapes. 

The  process  is  founded  upon  the  belief  that  fruit  is  provided  1 
breathing  cells,  which  breathe  air  in  a  similar  manner  to  the  hui 
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"■being,  absorbing  oxygen  and  exhaling  carbonic  acJii,  or  the  exact 
reverse  of  ordinary  plant  life.  The  oxygen,  when  inhaleil.  combines 
with  ihe  sugar  or  carbon  which  is  contained  in  the  fniit,  thereby 
causing  self-consumpiinn,  or  loss  of  substance.  In  order  to  prevent 
this  taking  place,  the  atmosphere  supplied  lo  the  fruit  under  this  pro- 
cess is  deprived  of  most  of  its  oxygen,  by  which  means  it  is  claimed 
that  the  breathing  cells  of  the  fniit  become  partially  closed,  and  thus 
the  further  ripening  of  the  fruit  is  suspended. 

The  apparatus  employed  is  shown  in  Fig.  250.  aiid  comprises  a 
chimney  or  flue  a,  a  stove  b,  an  air  filter  c,  and  an  iur-tight  storage 
room  D  having  an  hermetically  closing  door  F,.  As  soon  as  the  fruit 
has  been  placed  in  the  room  d  it  is  sealed  up,  the  atmospheric  air 
driven  out,  and  replaced  by  a  sterilised  atmosphere  iiroduced  and  main- 


taineti  in  the  following  way : — By  means  of  an  ordinary  blower  or  fan 
F.  air  is  forced  through  a  stove  b  containing  red-hot  coke,  whereby 
the  oxygen  is  consumeti,  and  any  germs  or  aniraalcuire  destroyed. 
The  gases  thus  produced  are  then  filtered  by  passing  through  the  air 
filter  c  and  cooled  before  entering  the  chamber  by  passing  over 
refrigerating  coils. 

Whilst  superintending  the  transportation  of  a  shipment  of  fruit  on 
board  the  s.s  Para,  preserved  by  this  process,  Mr.  Lawtort  lost  his 
life  through  an  accidental  explosion  of  a  spare  store  of  chemicals, 
which  lamentable  accident  also  resulted  in  the  InjurT,-  of  .several  other 
persons,  and  in  considerable  damage  to  the  vessel. 

Among  a  few  of  the  claims  put  fonvard  by  the  inventor,  mention 
Kmay  be  made  of  the  following,  viz.,  that  fruit  can  be  jwcked  ripe,  con- 
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sequently  perfect,  and  can  in  that  state  be  conveyed  to  this  country 
from  any  part  of  the  world,  and  storeiJ  on  arrival  here.  When  finally 
exposed  for  sale  it  will  keej)  for  a  long  period.  The  inventor  also 
stales  that  the  process  is  simple  and  comparaiivdy  inexpensive,  and 
that  it  can  be  applied  to  e\isting  refrigerating  instaJlations  in  conjunc- 
tion therewith. 


Vegetables. 

Green  vegetables  generally  should,  like  green  fruit,  not  be  allowed 
to  wither. 

Sound  onions  may  be  maintained  in  good  condition  in  cold  storage 
for  a  number  of  months  (six  or  seven),  but  care  must  be  taken 
wheo  placed  in  the  store  they  are  as  dry  as  possible,  and  for  this 
purpose  they  may  advantageously  be  exposed  to  a  dry  cool  wind  so 
to  give  up  most  of  their  moisture.  Onions  should  never  be  stored 
the  same  room  with  other  goods,  and  on  their  removal  the  room  must 
be  thoroughly  exposed  to  the  air,  well  scrubbed  out,  and  when  dry 
the  walls,  floor,  and  ceiling  should  be  whitewashed.  It  is  also  re- 
commended to  give  (he  room  a  go'.id  coat  of  paint  or  enamel  paint 
Some  American  authorities  hold  that  if  a  room  has  been  once  used 
for  storing  onions  it  should  not  afterwards  be  employed  for  the 
storage  of  eggs,  butter,  or  other  articles  especially  susceptible  to 
odours. 

Parsnips  and  salsify  can  be  advantageously  kept  in  cold  storage 
under  the  same  conditions  as  onions,  with  the  exception,  however, 
that  they  will  stand  freezing  without  injury.  Asparagus,  cabbage,  car- 
rots, celery,  can  be  kept  with  little  humidity. 

In  the  following  table  will  be  found  the  temperatures  considered 
best  adapted  for  the  cold  storage  of  various  articles,  as  given  in  the 
first  and  second  editions  of  "  Refrigerating  and  Ice-Making  Machinery," 
and  aJso  those  recommended  by  a  number  of  other  authorities,  arra 
in  columns  for  convenience  of  comparison : — 
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CHAPTER  XVI. 
MARINE  REFRIGERATION. 

Carbonic  Acid  Machines. — Ammonia  Machines. — Cold-AirUachines.^ATraDgcTnenl 
of  Cargo  Holds  and  Stores. — Ice-Making  on  Board  Ship. — Barges. 

Marine  refrigeratiim  offers  considerably  more  difficulties,  both  as  re- 
gards the  machinwy,  and  likewise  with  respect  to  the  insulation  of  the 
cold  chamliers,  than  is  the  case  with  land  installations. 

As  regards  the  machinery-,  in  the  first  place,  the  space  at  command 
is  necessarily  limited,  and  consequently  it  is  absolutely  necessaiy  that 
the  design  should  be  such  as  to  occupy  the  minimum  of  room,  whilst 
affording  the  maximum  of  efficiency. 

The  agent  or  medium  employed  should  likewise  be  one  of  a  non- 
inflammable  nature,  and  also  one  having  no  deleterious  action  on 
copper,  which  metal  has  to  be  employed  in  the  condenser  in  order  to 
enai)le  sea  water  to  be  used  for  cooling  purposes. 

With  reference  to  the  insulation,  the  settlement  or  shaking  down 
due  to  the  continuous  vibration  experienced  on  ship-board  has  to  be 
conlendeiJ  with.  For  this  reason  an  excellent  material  to  use  for  in- 
sulating purposes  in  marine  installations  is  what  i.s  known  as  "  Non- 
pareil"  (.'orlt,  which  is  largely  employed  in  the  American  Navy.  This 
material  consists  of  granulated  cork  made  by  compressing  cork  chips 
under  hydraulic  pressure  in  iron  moulds,  and  then  heating  the  mass 
while  in  the  mould  to  a  temperature  of  about  500°  Fahr.  This  treat- 
ment has  the  effect  of  liquefying  the  natural  gum  of  the  cork,  and 
forming  the  interstices  between  the  granules  into  small  closed  air 
spaces.  On  the  cooling  of  the  moulds  the  gum  hardens,  and  the  mass 
becomes,  as  it  were,  a  solid  sheet  of  cfjrk.  The  weight  of  "  Non- 
pareil "  cork  is  only  one  pound  per  square  foot,  and  it  is  consequently 
about  the  lightest  insulating  material  in  use.  It  is  said  to  be  13  per 
cent,  superior,  as  a  non-conductor  of  heat,  to  hair  felt,  and  40  per 
cent,  superior  to  sawdust.  Slag,  or  mineral  woo],  or  silicate  cotton, 
is  also  used  very  extensively,  and  with  great  success  for  marine  work. 

As  regards  the  most  suitable  system  of  refrigerating  machine  for 
use  on  boari.l  ship,  a  wide  diversity  of  opinion  still  exists.  In  spite 
of  comparing  unfavourably,  as  regards  efficiency,  with  machines  using 
agents  possessed  of  greater  latent  heat,  cold-air  machines  might  sdU 
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be  advantageously  usetl  fnr  short  voyages,  and  where  coal  roiild  be 

obtainal  cheap.  There  are  no  chemicals  to  be  carrietl,  no  danger 
from  bursting  of  pipes  or  joints  giving  out,  anil  the  machine  is  com- 
paratively simple  and  easily  manageri. 

Of  machines  working  on  the  compression  system,  and  employing 
a  refrigerating  agent  of  a  more  or  less  volatile  nature,  carbonic  acid 
niarhines  offer  advantages  which  have  rauseti  them  to  be  very  largely 
employed  for  marine  purposes,  a  fact  which  has  been  proved  in  a  prac- 
tical manner  by  Messrs.  J.  and  E.  Hall,  Ltd.,  alone  having  fitted  over 
800  machines  working  on  this  system  on  board  ship. 

The  qualities  which  render  COj  particularly  suitable  for  use  on 
shipboard  are:  First,  that  this  agent  admits  of  a  much  smaller  com- 
pressor being  employed  relatively  to  the  refrigerating  power  produceil ; 
secimd,  that  having  nn  corrosive  action  on  any  of  the  metals,  it  thereby 
allows,  as  above  mentioned,  of  copper  being  used  in  the  condenser ; 
and  third  and  lastly,  but  not  least,  it  is  not  only  non-inflammable,  but 
has  the  power  to  extinguish  fire,  and  is  therefore  perfectly  free  from 
danger  in  this  respect.  As  regards  the  danger  to  life  through  an 
escape  of  this  gas,  its  specific  gravity  being  greater  than  that  of  air 
{C02  spec.  grav.  r'sag  air  =  1)  causes  it  to  fall  to  the  lowest  level,  and 
in  practice  it  is  found  that  no  danger  is  to  be  apprehended  from  the 
escape  of  a  mtiderate  quantity  of  C<!)2  if  the  space  be  not  unduly 
confined,  and  is  fairly  well  ventilated.  For  this  reason  the  Board  of 
Trade's  instructions  to  surveyors,  issued  in  June,  1901,  re  refrigerating 
machines,  contains  the  following :  "  The  siirvej'ors  are  therefore  in- 
formed that,  unless  they  are  aware  of  any  special  reasons  to  the  con- 
trary, refrigerating  machines  in  which  carbonic  anhydride  is  employed 
as  the  working  agent  may  be  plarei.l  in  the  engine  n>oms  of  steam 
ships,  prorided  the  weight  of  the  charge  which  would  bft  released  by 
a  breakdown  of  the  machine,  or  of  one  portion  of  a  duplex  machine, 
does  not  exceed  200  lbs. 

"  When  it  is  profiosed  to  fit  a  machine  using  a  greater  charge  than 
this  is  an  engine  rnom,  full  particulars  of  the  case,  including  size,  and 

I  method  of  ventilating  the  compartment,  and  weight  of  charge  pro- 

I   posed,  should  be  submitted  for  consideration." 

The  principles  upon  which  the  marine  types  of  refrigerating 
machines  work  are  naturally  precisely  the  same  as  those  employed  for 
service  on  land,  and  therefore  the  differences  are  merely  :rf  a  .struc- 
tural nature,  adapted  to  render  them  more  esj^cially  suitable  to  the 
construction  of  vessels.     It  is  purjwsed,  therefore,  in  this  chapter, 

'-   merely  give  a  few  examples  of  machines  especially  designed  for  marii 
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puqjoses,  referring  reai.iers  for  further  particulars  as  to  the  special  dis- 
tlrictive  details  of  cimutruction  adopted  by  the  various  makers  to  the 
more  lengthy  and  complete  descriptions  given  of  their  land  types  of 

Fig.  251  sbows  one  of  J.  and  E.  Hall's  cajiionic  acid  machines  ot 
the  horizontal  duplex  marine  type,  which  has  been  especially  designed 
for  large  installations  on  board  ship.  This  machine  is  fitted  with  triple 
expansion  steam  cylinders,  the  high  and  intennediate  cylinders  b^ng 
on  one  side,  and  the  low  pressure  cylinder  on  the  other,  and  it  has 
a  surface  steam  condenser  located  in  the  front  part  of  the  machine. 
The  two  machines  are  so  arranged  that  either  both  sides  can  be  worked 
together,  or,  if  desired,  one-half  j  that  is  to  say,  one  compressor,  with 
its  condenser  and  evaporator,  can  be  disconnected,  when  the  other  half 
can  be  worked  by  itself,  it  being  seen  that  the  full  advantage  and 
economy  of  the  triple  expansion  engine  is  thus  retained.  The  duplex 
machine  is  claimed  to  give  all  the  security  of  two  independent 
machines  whilst  at  the  same  lime  creating  a  great  saving  of  space. 

This  type  of  machine  is  also  built  in  pairs  mounted  upon  the  same 
base  or  bed-plate,  with  compound  steajn  cylinders,  the  high  pressure 
cylinder  being  locataJ  on  the  one  side,  and  the  low  pressiu-e  cylinder  on 
the  other.  The  two  compressors  are,  in  this  type,  driven  by  tail-rods  from 
the  steam  cylinders,  and  the  cranks  are  placed  at  right  angles,  an 
arrangement  which  tends  to  ensure  an  even  turning  movement.  Each 
compressor  delivers  the  compresseti  carbonic  acid  to  an  independent 
condenser,  which  is  usually  placed  in  the  base  of  the  machine,  and  in 
which  sea  water  is  circulated  round  the  condenser  pi]ies  thmuyh  which 
the  carbonic  acid  passes.  In  connection  with  each  side  of  the  machine 
a  separate  evaporator  or  refrigerator  is  provided,  which  consists,  as 
in  the  land  type,  of  coils  of  pipes,  in  which  the  liquid  carbonic  anhy- 
dride evaporates  or  ga.sifies,  and  which  coils  are  enclosed  in  a  steel 
casing,  in  which  the  brine  is  circulated  by  means  of  pumps.  The 
brine  thus  cooled  is,  in  one  arrangement,  circulated  through  electrically- 
welded  grids  of  piping,  each  containing  about  200  feet  of  pipe,  which 
grids  are  divided  into  sections,  each  section  haiing  a  separate  flow  and 
return  from  the  evaporator  or  refrigerator,  and  valves  being  provided 
for  regulating  the  quantity  of  cold  brine  in  each  section  as  required 
by  the  temperature  in  the  holds.  The  grids  are  placed  on  the  under 
side  of  the  decks  over  the  holds  to  be  refrigerated,  preferably  between 
the  deck  beams,  so  as  to  occupy  no  valuable  space,  and  to  be  pro- 
tected from  damage. 

In  another  arrangement  the   brine  is  passed   through   a  suitable 
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ba««y  of  pipes,  over  which  a 
the  holds  to  be  cooled. 

In  Fig,  252  is  illustratefl  r 
machines  built  by  the  snnie  f 


is  drawn  by  fans,  and  is  passed  through 

i  of  the  vertical  diipl. 
11,      This  pattern  nf 


ally  designed  for  preserving  provisions  on  passenger  steamers  and  on 
steam  yachts,  and  for  making  ice.  The  machine  is  fitted  with  com- 
pound steam  cylinders  and  two  compressors,  in  connection  with  each 
of  which  latter  is  a  condenser  and  an  evaporator  or  refrigerator,  there 
being  thus  two  entirely  independent  complete  carbonic  acid  machines. 
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either  of  which  can  be  disconnected,  and  the  remaining  machine  run 
with  the  compoun'i  engine. 

Smaller  marine-type  machines  (Fig.  252")  are  also  made  by  this  firm, 
having  a  single  vertical  steam  cylimler,  and  the  compressor  arranged 
alongside  of  it,  both  being  fixed  to  a  casting  containing  the  condenser 
coils,  which  latter  are  made  of  ctrpper,  and  behind  which  casting  is 
another  secured  to  it,  and  containing  the  evaporator  or  refrigerator  ccals. 

Turning  tu  machines  working  on  the  ammonia  compression  system, 
^'K-  ^53  shows  a  marine  type  of  the  De  La  Vergne  machine.     It  is 


a  vertical  single-acting  compressor,  actuated  by  a  high  pressure  hori-l 
zontal  steam  engine,  fitted  with  a  special  governor,  which  admits  oil 
the  steam  supply  being  determined  for  wide  ranges  of  speeds  when  J 
required,  say  for  any  speed  between  30  and  300  reiolutions  per  minut^  J 
without  interfering  with  the  running,  or  stopping  the  machine^ 
construction  of  the  compressor  cylinder  is  identical  with  that  illustrxtei] 
in  the  enlarg&J  sectional  view.  Fig.  1 7, 

In  the  marine  type  of  Linde  machine  a  single  compound  a 
compressor  is  employed,  which,  as  in  the  case  of  the  land  type  c 
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machine,  is  also  driven  by  means  of  a  taniJem  comptmnd  engine.  The 
ammonia  condenser  is  situateJ  belo\¥  the  compressor,  and  is  fitted  with 
sets  of  endless  coils  or  worms.  By  the  use  of  a  compounil  compressor, 
(hat  is  to  say,  one  wherein  the  cr  impression  of  the  ammonia  gas  Is 
effected  in  two  stages,  the  loss  from  re-expansion  of  (;as  left  in  the 
clearances  is  completely  got  rid  of,  as  such  loss  is  experienced  in  the 


low  pressure  compressor  cylinder  onlv,  none  taking  place  in  the  high 
pressure  compressor  cylinder. 

Figs.  254  and  255  show  two  amnnonia.  machines  nf  the  horizontal 
marine  type,  designed  liy  Mr.  S.  Piipleti.  the  first  being  a  horizontal 
ammonia  compressor  connected  with  a  vertical  engine,  all  mounted 
upon  the  same  bedplate,  and  the  second  a  compact  form  of  horizontal 
belt-driven  ammonia  compressor,  especially  designed  for  marine  work. 
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Fig.  2<,ii  shows  a  vertical  self-contained  marine  type  of  ammonia 
compression  machme  made  by  the  Haslam  Foundry  and  Engineering 
Company  Limited,  Derby.  As  will  be  seen  fnnii  the  illustration  the 
ammonia  compressor  steam  engine,  separator,  condenser,  receiver,  and 
water  pump  are  all  mounted  on 
the  same  bed  or  base-plate,  and 
the  design  is  such  that  they 
occupy  as  small  an  amount  of 
space  as  possible,  and  form  a 
completely  self-contained 
paratus.  The  bed-plate  is  of 
cast-iron,  circular  in  form,  con- 
tains the  ammonia  condensing 
coils,  ami  is  made  in  two  parts; 
the  back  part  being  readily  r 
movaijle  for  giving  access  to  the 
condensing  coils  fur  cleaning 
and  examination.  The  front 
part  is  strongly  constructed  and 
provider!  with  ribs,  facings,  and 
brackets  to  receive  the  steam 
cylinder,  ammonia  compressor, 
crank-shaft,  and  other  working  parts  of  the  n 

A  water  pump,  shown  on  the  right-hand  side  of  the  illustration,' 
and  worked  by  a  disc  crank  on  the  end  of  the  crank-shaft,  is  provided 
for  circulating 
through  the  condenser. 
and  when  desired  a  brine 
pump  is  also  fitted. 

This  machine  is  made 
in  siies  Uiym  half-ton  ice- 
making  capacity  per  d.ny, 
up  to  three  tons  ice- 
making  capacity  per  day. 
The  three-ton  machine  will 
maintain  from  H 
32,000  cubic  ft. 
Fahr.  in  ordinary  storage, 

and  requires  9  t.H.P.  in  a  temperate  climate  and  loj^  I.H.P.  i 
climate.     Three  hundred  gallons  of  condensing  water  are  required  p 
hour,  55°  on  and  80^  off.     The  weight  of  the  machine  ia  103  cwts-jl 


Fig.  i54.— Puplell  HnriKonlal  Marine 
Type  of  SlBam-driveQ  AirnnoQia  Com- 
prcsiitaD  Machine. 


I 
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and  Ihe  dimensions  6  ft  8  in.  in  deplh,  6  ft  in  width,  and  7  ft.  8  in.  in 
height. 

Fig-  257  is  an  illustratJon  showing  thu  latest  horizontaJ  marine  type 
of  Hasiam  compound  ammonia  compressor.  This  machine  consists  of 
a  compound  engine,  and  compound  ammonia  compressors,  the  gas 
being  thus  compressed  in  two  stages.     The  whole  is  mounted  upon  a 


P„ 


cast-iron  bed  plate  which  in  turn  is  mounted  upon  a  wrought-iron  tank, 
which  latter  contains  the  ammonia  condenser  coils. 

The  system  of  cooling  employed  with  this  machine  is  either  brine 
pipes  placed  in  the  holds,  or  the  air-blast  system ;  an  installation  on 
the  latter  plan,  which  has  heen  recently  put  into  [he  New  Zealand 
Shipping  Co.'s  steamer  Ruapehu,  consists  of  a  series  of  direct  expansion 
cooling  pipes  or  coils,  placed  in  nests,  over  which  the  air  is  circulated 


1 
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by  means  ol  a  powerful  fan.  The  air  is  cociled  in  passing  ihrough  the 
coils  to  any  desired  temperature,  is  then  circulated  through  the  hoid% 
and  then  returned  again  to  the  fan. 

Figs.  Z58  and  259  show  in  [dan  and  in  elevation,  partly  in  vertical 
section,  a  self^:ontained  marine  type  of  hcHizontal  double-ajCtiog  am- 
monia compressor  and  vertical  steam  engine,  on  the  Kilboum  system,    ' 
which  is  extensively  used  on  American  steamers.     Fig.  260  shows  t, 
beltHdriven  Kilboum  marine  type  ammonia  compression  machine. 

This  double-acting  horizontal  ammonia  compres.siun  machine  is 
driven  by  3.  verticai  engine,  which  is  fixed  upon  the  same  base  or 
bed-plate  in  such  a  manner  as  to  render  the  complete  machine  very 
compact  in  design,  one  of  suffi- 
cient power  to  keep  a  storage 
rapacity  of  2;, 000  to  j 6,000 
cubic  ft.  at  a  suitable  tempera- 
ture for  chilled  beef,  40,000  to 
44,000  ft.  for  iioien  mutton,  or 
of  making  about  6  tons  of  ice 
per  day  of  twentj'-four  hours, 
requiring  only  a  floor  space  of 
10  fL  by  10  ft.,  including  that 
required  for  both  the  refrigera- 
iiiT  anil  the  condenser. 

The  compession  cylinders 
are  inclosed  in  water-jackets, 
and  are  fitteii  with  Webb's  patent 
arrangement  of  suction  valves. 
The  stuffing  boxes  and  glands 
are  of  the  Kilboum  double 
pattern,  that  is,  each  box  is  formed  with  a  chamber  placeil  centrally 
theran,  and  into  which  oil  is  injected  constantly  fw  sealing  purpose; 
by  a  small  force-pump  fixed  on  the  side  of  the  bed-plate,  and  worked 
fnmi  a  lever  connected  to  the  compression  pump  cross-head.  The 
steam  cylinder  pisEon-rotIs  are  couple.!  by  means  of  fnrkeil  conneciing- 
n>ds  to  the  same  crank-pins  as  those  of  the  compression  pumps. 

Improveil  forms  of  gas-ljght  joints  and  of  a  stop-cock  or  valve, 
which  will  be  found  described  on  jiages  2^7,  235,  and  336,  have  been 
also  devised,  and  were  patented  in  1882  by  the  same  inventor. 

The  arrangement  of  the  machine  illustrated  in  Fig.  a6o  is  ver>- 
compact,  having  been  designed  wiih  that  end  more  especially  in  vien. 
and  for  which  purpose  the  ammonia  condenser  is  placed  underneath 
the  compressor. 


Fig.  160. — Kilboum  Horizontal  Double- 
acting  Marine  Type  of  Belt-driven  Ammo- 
nia Compressor. 
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Figs.  261  and  262  show,  in  plan  and  seclional  elevation,  tbe  marine 
type  of  condenser  useii  in  conjunctidn  with  these  machines. 

The  cargo  holds  of  the  steamships  Campania  and  Lucaitia  are 
refrigerated  with  machines  of  the 
Kilboum  type.  The  meat-carrying 
chambers  in  each  of  these  vessels 
consists  tif  three  chambers  situ- 
ated forward  on  the  wlop  or  lower 
deck,  and  having  a  total  capacity 
of  2o,ooo  cubic  ft.,  which  renOers 
them  able  to  carry  2,700  quarters 
of  beef.  The  chambers  are  very 
carefully  insulated,  the  walls  con- 
sisting, as  shown  iii  fig.  263,  first 
of  a  double  thickness  of  tongued 
and  grooved  boards,  a,  a,  having 
a  layer  of  waterproof  paper  b  be- 
tween them,  next  a  2  in.  layer  of 
good  (jualily  hair  felt,  c,  ami 
another  double  thickness  of 
tongued      and      grooved      boards, 

D,  D,  with  a  similar  laver  of  paper, 

E,  between  them,  and  finally  an 
inch  air  space,  f,  between  the  latter 
and  the  inner  or  iron  deck,  the 
whole  being  wdl  lamisheiJ.  The 
brine  cooling  pipes,  wfiich  are  of 
heai-y  j-in,  galvanised  tube  with 
malleable  cast  return  bends,  are 
placed  on  the  ceiling  between  the 
deck  beams,  thus  economising 
head  room,  and  the  rails  for  the 
meat-hooks  are  of  1^  in.  gal- 
vanised round  iron,  firmly  clipped 
to  the  beams  supporting  the  decks. 
The  meal  hooks  which  are  placed 
upon  the  latter,  for  canying  the 
quarters  of  beef,  are  of  steel  galvanise*.!.  Thermometer  tubes  from  the 
upper  deck  axe  prov-ided  to  each  chamber,  so  that  the  temperature  may 
be  ascertained  in  any  part  of  the  chamtier,  when  desired. 

I'~ig.  264  is  a  plan  showing  the  general  arrangement  of  the  machine 


Figs.  !6i  and  26Z.— Marini 
A-Diinunia  Condenser.     Plati  und 


JSevi- 
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room.  A  pair  of  compressors  are  employed.  A,  a,  are  the  steam 
engine  cylinders;  b,  b,  the  compression  cylinders;  c,  c,  the  amn 
condensers;  d,  d,  the  liquid  ammonia  resCTVoirs  ;  e,  e,  the  refrigeratcH^j 
F  is  a  brine  circulating  pump  of  the  duplex  pattern;  c  is  a  manifold 
or  distributing  pipe  to  the  different  cooling  pipes  in  the  chambers; 
is  the  collecting  pipe  at  the  top  of  the  refrigerator.  It  will  be  set 
that  the  cold  parts  of  the  machine  are  enclosed  in  a  separate  chamber 
having  walls  insulated  in  a  similar  manner  to  those  of  the  meat-can>-ing 
stores  or  chambers,  thereby  preventing  as  far  as  practicable  loss  through 
absorption  qf  heat. 

The  compressors  are  o(  an  ice-producing  capacity  of  \z  tons  a  day,, 
ihe  compression  cylinders  being  6  in.  in  diameter  by  iz  in.  strok^. 
and  the  steam  cylinders  8  In.  diameter  by  12  in.  stroke; 

The  anMnonia  condensers  c,  which  are  more  clearly  shown  in 
Figs.  261  and  262,  are  constructed  of  a  cylindrical  form,  the  shells  being 
made  of  wrought -iron,  and  the  covers  of  cast-iron,  and  they  are  fitted  with 
concentric  coils  of  1^  in.  galvanised  iron  pip^  connected  togetbec 


at  their  extremities  by  means  of  tee-pieces  made  of  malleable  castings, 
The  ammonia  condensers  are  in  this  case,  moreover,  carefully  lagged 
with  teai  wood.  The  water  for  use  in  the  ammonia  condensers  C  il 
supplied  and  circulated  by  means  of  a  duplex  steam  pump  (not  shown 
in  the  drawing),  located  in  the  forwarij  boiler-room  of  the  steamship. 
The  ammonia  gas  after  compression  in  the  compressors  b,  and  Iiqu» 
faction  in  the  condensers  c,  under  the  combined  pres.siire  of  the 
pumps  or  compressors  b,  and  the  cooling  action  of  the  condensing 
water  circulating  on  the  extwior  of  the  coils  or  worms  in  the  condensers, 
is  delivered  to  the  reservoirs  D  for  the  liquefied  ammonia,  through  small 
bore  [Mpes.  From  these  reservnirs  the  liquid  ammonia  is  admitted 
through  suitable  graduated  expansion  or  regulating  valves  to  the  lower 
ends  of  the  expansion  coils  in  the  refrigerators  e,  wherein  the  liquid 
ammonia  again  vaporises  or  gasifies,  abstracting  the  heat  required  for 
this  process  from  the  brine  surrounding  the  expansion  coils,  and  being 
again  returned  to  the  compressors,   and  so  on  ad  infinitum  in 


r  already  riescriberl.     The  absolute  working  pressure  in  the  refri- 
gerators is  about  30  lbs.  per  square  inch. 

The  brine  having  been  reduced  to  the  desired  temperature  in  the* 
refrigerators,  passes  into  the  system  of  brine  circulating  pipes,  and 
maintains  the  atmosphere  of  the  cold  stores  or  chambers  at  a 
temperature  suitable  for  the  proper  preservation  of  the  meat.  The 
circulation  f>(  the  brine  is  effected  bv  the  brine  pump  f,  which  draws 
the  cooled  brine  from  the  bottom  of  the  refrigerat'irs  E„  and  discharges 


it  through  the  distributing  tee-piece  and 
different  sections  of  the  cooling  pipes  ii 
it  through  a  similar  tee-piece,  manifold 
of  the  refrigerator  to  be  again  cooled. 
each  fitted  with  a  regulating  valve  and  £ 
The  cold  air  or  provision  stores  or 


the  chambers,  and  returns 
or  distributor  h  to  the  top 
The  return  brine  pipes  are 

thermometer, 
chambers  on   board  of  the 


Campania  and  Kurania  are  fitted  up  with  refrigerating  plants,  ■ 
De  La  Vergne  ammonia  compresMon  system. 


>  the 
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The  refrigeration  is  effected  on  the  brine  circulation,  and  ant  ^ 
the  direct  expansion  systetn,  a  solution  of  calcium  chloride  being  tic  I 
agent  or  medium  employed,  and  this  solution  is  reduced  t 
luw  temperature  in  the  usual  manner,  by  the  expansion  of  the  iomat  I 
gas  or  vapour,  in  coils  or  pipes  submei^ed   therein,  and  is  cimjh'.fd  1 
by  a  special  pump  through  the  system  of  cooling  or  refrigerating  ppe^  I 


I 


which  latter  are  fixed  to  the  underside  of  the  roof  or  ceiling  of  tht 
cold  store  nr  chamber. 

The    method    emplfwed    for    the    insulation     f>f    the    store 
chamber  is  shmm   in   Figs.    265    and   266,    which    are    vertical 
tions  ihrwigh  the  n  f>f  or  ceiling  thereof      a    a    are  the  red"rige(atiu( 
pipes;  B.  B,  ihe  mtat  rails,     c  is  a  filimg  nf  sawdust     d,  D,  are  lajwi 


^^ 


4 


Fig.  Hib. — Insuliilbu  of  I'lmiMim  Slnrc*  im  Imaid  sa.  Campania  and  Lucam 
Vertical  Longilurfin™!  Seclitin  through  ceiling. 

or  skins  of  tongued  and  grooved  boarding ;  e  is  a  layer  of  hair  felt ; 
F,  F,  are  layers  of  tarred  water-proof  paper.  The  brine  pipes 
divided  into  two  sections  or  sets,  thereby  admitting  of  any  neceuvj 
rejwirs  being  effectetJ  in  one  section,  without  in  any  way  interfering 
with  the  circulation  of  ihe  cold  brine  through  the  irther  section,  anii 
special  means  are  also  provided  for  withdrawing  the  brine  from  one 
set  or  section  without  interfering  with  the  working  of  the  other. 

The  ammonia  compressor  is  of  the  vertical  single-acting  type,  jml 
is  actuated  by  a  high  pressure  horizontal  steam  engine.     The  com- 
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pressor  cylinder  Js  4^  in.  in  diameter,  by  9  in.  stroke,  and  the  steam 
engine  is  of  2'4  horsepower,  and  is  fitted  witli  a  special  governing 
arrangement,  by  means  nf  which  the  steam  supply  is  determined,  the 
^eed  being  rapable  of  variation  witi  in  a  wide  range  (say  between 
■.30  to  300  revolutions)  without  interfering  with  the  running  of  the 
Jimachine.     The  construction  of  the  compressor  is  substantially  similar 
^    to  that  described  with  reference  li>  Fig,  .253,  and  the  oil  separator 
and  other  parts  only  differ  from  the  arrangement  shown  in  the  general 
view  of  a  complete  installation  shown  in  Fig.  ig,  in  that  the  ammonia 
compressor  is  of  the  single-acting  type,  and  by  reason  of  the  smaller 
capacity  of  the  present  plant,  and  the  absolute  necessity  on  shipboaFd 
for  economising  every  cubic  inch  of  room  possible.     The  operation 
of  the  apparatus  is.  howe^'er.  in  ever;'  way  idenlica!,  and  the  descrip- 
tion of  the  complete  installation  will  apply  equally  well  in  this  case. 

The  machine  is  capable  of  malting  5  cwt.  of  ice  daily,  in  addition 
to  the  performance  of  the  refrigeration  required  in  the  cold  storage  or 
provision  chamber. 

As  has  been  already  mentioneil,  in  spite  vX  their  inferior  efficiency, 
n  certain  cases  cold-air  machines  can  be  used  to  some  advantage,  on 
boanl  men-of-war  for  instaJioe,  which  vejisels  remain  at  sea  for  seme 
years,  and  a  difficulty  might  be  experienced  in  obtaining  carbonic  acid, 
or  other  volatile  agent. 

Fig,  267  illustrates  a  Hal!  vertical  marine  type  of  steam-driven  cold- 
air  machine,  fitted  with  compound  steam  cylinders,  which  is  the  pat- 
tern of  machine  supplied  by  Messrs.  J.  and  E.  Hall,  Limited,  to  H.H. 
AdmiraJty,  and  to  other  navies.  Another  marine  type  of  air  compres- 
HOTi  refrigerating  machine,  made  by  the  above  firm,  is  of  a  horizontal 
pattern,  also  fitted  with  compound  steam  cylinders. 

Figs,  268  and  269  show  two  recently -designed  marine  types  of  Has- 
lam.  cold-air  machine.  That  shown  in  Fig.  268  is  from  a  photograph 
of  one  of  two  similar  machines  recently  supplied  to  His  Majesty's 
yacht.  Fig.  269  is  a  pattern  which  has  been  supplied  t'>  the  British 
.Admiralty  for  the  manufacture  of  85  lbs.  of  ice  per  day  of  twelve 
hours  on  warships. 

In  a  marine  installation  the  pipe  or  trunk  for  admitting  the  cold 
air  is  usually  fixed  along  one  side  of  the  cold  store  or  chamber  in  the 
hold,  as  near  the  top  or  ceiling  as  possible,  the  return  pipe  or  trunk 
being  placed  at  the  opposite  side  of  the  chamber.  As  in  land 
installation,  the  inlet  tnmk  or  pipe  is  iitterl  with  a  number  of  apertures 
governed  by  sliding  doors;  these  are  only  opened  to  a  very  slight  i 
extent  at  the  end  nearest  the  machine,  and  gradually  more  and  morel 
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as  they  approach  the  end  furthest  therefrom,  thus  equalising  the  tem- 
perature in  the  chamber. 


The  most  imporiaTii  i«iii 


e  ihi;  cnki  air  being  thoroughly 
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cleared  out  repeatedly,  to  prevent  the  passages,  and  also  the  slide   < 
valve  ports,  from  becoming  blocked  up,  and  the  Inink  or  inlet  pipe 
must  be  cleared  once  a  dav  or  oflener. 

For  marine  purposes  ihe  cild-air  refrigeraiing  machine  was  first  in 

the  field,  and  is  still  preferred  before  other  systems  by  many  engineers. 


and  by  the  Admiralty-;  but  owing  tn  certain  defects  in  the  eariier 
machines,  other  systems  have  been  tried.  The  difficulty  with  any  n 
system  is  the  necessity  for  carrying  a  considerable  store  of  chemicals, 
and  serious  accidents  have  resulted  from  the  use  of  these  machines  on 
ship  board.*     There  is  also  the  danger  of  running  short  of  these 

•    (la^lendirEartitlc  in ''The  EngiTiL-ft."  3rd  Januan',  iijoi. 
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chemicals  by  any  accident  to  the  vessels  in  which  they  are  stored. 
Now,  with  cold-ajr  machines  no  chemicals  are  required,  the  pressures 
aciupteij  are  low,  and  possibility  of  a.ccidem  to  the  marhine  is  even 
nnore  remote  than  accident  lo  the  main  pnipeliing  engines. 

A  new  cold-air  machine  has  recently  been  designed  by  Messrs. 
T.  and  W,  Cole,  Ltd.,  to  overcome  the  defects  of  the  earlier  niachines 
of  this  type,  in  "which  each  defect  has  been  combated  with  marked 
success,  as  described  in  previous  chapters 

Previous  to  stonng  he  car  isses  n  the  cold  storage  space,  a 
thorough  inspection  therecf  shoull  be  ma  le    an  1  an)    iamage  to  the 


walls  made  good.  When  the  cold  storage  space  is  filled,  the  hatches 
should  be  made  tight  by  caulking  with  oakum,  or,  preferably,  they 
should  be  fitted  with  indiarubher  insertions,  which  afford  a  greater 
certainty  of  air-tight  joints  being  made. 

An  anangemeiit  of  a  small  cold  .storage  chamber,  such  as  is  very 
frequently  constructed  on  board  a  large  passenger  steamer,  is  shown 
in  sectional  plan  in  I"ig.  270.  The  refrigeration  is  effected  l.iy  means 
of  a  Lighcfoot,  Haslani,  or  other  cold-air  machine  of  the  vertical  tj-pe. 

The  arrangement  of  this  cold  storage  chamber,  which  is  prac- 
tically similar  to  that  of  those  used  on  the  passenger  steamers  of  the 
rand  Oriental  Company,  will  be  ver)'  readily  understood  fro 


^^Peninsular  an 
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the  drawing,  wherein  A  is  the  meat  room,  the  temperature  of  which  is 
kept  down  to  about  io°  Fahr.,  and  wherein  are  situated  the  ice- 
making  or  freezing  tank  b,  the  ice  cans  or  cases  ii'  b',  and  the  ice 
store  c.  D  is  the  vegetable  room,  which  is  maintaineil  at  a  temperature 
of  about  40"*  Fahr.,  and  in  which  are  placed  the  water-cooler  e,  wine 
closet  or  cooler  f,  and  hanging  room  g. 

It  is,  of  course,  obvious  that  the  ice-making  or  congealing  tanks 
or  boxes,  employeil  on  shipboard,  must  be  considerably  modified  in 
order  to  jwovide  for  the  motion  of  the  vessel.  In  Fig.  ^71  is  shown 
in  plan,  and  in  longitudinal  and  transverse  section,  a  type  of  marine 
ice-making  box  or  tank  designed  by  Mr.  Kilboum,  and  installed  by 
him  on  the  International  Navigation  Company's  vessels  St.  Louis  and 


St.  Paul.  In  the  left-hand  top  corner  of  the  illustration  is  shown  an 
end  view  of  the  refrigerating  coils. 

Carcasses  should  be  packed  as  close  together  as  possiible,  consistent 
with  safety,  a  space  being  left  round  the  sides  for  the  circulation  of  the 
cold  air. 

The  proper  stowage  of  a  fruit  cargo  in  the  cold  store  or  chamber 
is  likewise  a  matter  that  must  be  carefully  attended  lo,  in  order  to 
ensure  its  arrival  at  its  destination  in  good  condition.  The  essential 
point  to  be  insiste<i  upon  is  that  clear  spaces  or  clearances  of  at  least 
J^  in.  be  left  between  each  tier  of  cases,  and  between  the  said  cases 
and  the  bottom,  sides,  and  ceiling,  of  the  chamber.     These  clearances 
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can  be  managed  by  the  insertion  of  laths  of  a  suitable  thickness  be- 
tween the  cases.  Passages  should  be  also  provided  for  admitting  of 
inspections  of  the  stale  of  the  fruit  being  made  during  the  voyage. 

The  best  temperature  to  maintain  for  frutl  is  one  of  from  45° 
to  55^^  Fahr.,  and  this  should  be  evenly  kept  up  throughout  the  entire 
cargo.  It  must  be  borne  in  mind  that  the  slightest  degree  of  frost 
will  destroy  a  whole  cargo  of  fruit.  It  will  generally  be  found  suffi- 
cient to  run  the  refrigerating  machine  about  twelve  hours  per  day  in 
hot  latitudes  and  six  hours  f«r  day  in  cooler  ones. 

It  is  most  important  that  the  temperature  should  not  be  permitted 
to  vary  to  any  great  extent  Juring  the  voyage,  ani!  as  considerable  difli- 
ctdty  is  experienceil  in  attaining  this  enri,  it  is  desirable  to  provide  a 
check  upon  those  in  charge.  For  this  purpose  a  thermograph,  or  self- 
registering  thermometer*  is,  or  ought  to  be,  provided  in  connection  with 
each  chamber  fitted  for  the  carriage  rif  fruit,  si>  that  an  accurate  record 
may  he  kt^  of  the  actual  changes  of  temperature  that  have  taken 
place  during  the  voyage,  and  it  can  he  seen  at  a  glance  on  arrival 
whether  the  fruit  has  been  carried  under  proper  conditions  or  other- 

Barges. 

An  important  type  of  portable  refrigerator  is  that  adapted  to  meet 
the  requirements  of  baizes  which  it  is  desirable  to  maintain  at  a  low 
temperature  without  wicumbering  them  with  machinery,  or  rendering 
in  any  way  necessary  the  employment  of  special  labour  to  take  charge 
of  the  same. 

The  frozen  meat,  as  a  rule,  arrives  in  good  conditi'm  on  board  the 
vessels,  and  deterioration  in  quality  usually  takes  place,  as  has  been 
already  mentioned,  during  its  transference  to  the  cold  stores  on  land, 
and  again  during  the  subsequent  delivery  thereof  to  the  retailer,  when 
the  meat  is  exposed  to  temperatures  frequently  mitch  lugher  than 
what  is  required  to  preseri'e  it  in  good  condition.  The  Fulsometer  En- 
gineering Company,  Limited,  claim  to  have  devised  a  successful  system 
of  refrigeration  for  barges. 

Since  the  beginning  of  1888,  moreover,  the  London  and  Tilbury 
Lighterage  Company,  Limiteil,  have  had  barges  fitted  with  special 
refrigerating  apparatus  successfully  plying  upon  the  Thames,  the  meat 
landed  by  them  being  invariably  in  good  condition,  and  not  infre- 
quently at  a  lower  temperature  then,  than  when  first  dischargerl  from 
_  the  vessel. 

IB  of  tlicmiogrspli  ot  self-reEisleriuK  thermomtlcr  *cc  page  ^q6. 
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Industrial  and  Manufacturing  Applications. 
Uses  are  now  made  of  refrigeration  in  many  manufactures  and  indus^ 
tries,  besides  that  of  its  more  legitimate  and  important  appli 
the  preservation  of  various  provisions  of  a  perishable  nature,  which 
latter  has  hecn  already  dealt  with,  so  far  as  space  would  allow,  in  pre- 
ceding chapters.  All  the  systems  hereinbefore  described,  with  the  ex- 
ception of  the  first,  or  that  wherein  the  abstraction  of  heat  is  effected 
by  the  more  or  less  rapid  dissolution  or  liquefaction  of  a  solid,  are, 
to  a  greater  or  less  degree,  advantageously  applicable  for  this  purpose. 

Although  the  preservation  of  oi^anic  substances  was  the  first  known 
and  the  most  olj^iuus  use,  the  successful  application  of  artificial  refri- 
geration to  a  process  of  manufacture  is  somewhat  older  than  that  to 
the  preservation  of  provisions,  a  Harrison  ether  machine  having  been 
erected  at  Truman,  Hanbury,  and  Co.'s  brewery  about  1856,  whicJi 
machine  was  state^l,  at  a  meeting  of  the  Institution  of  Mechanical  Ei 
gineers,  held  in  1 886,*  to  be  still  at  work  and  acting  efficiently-  . 
machine  of  the  same  type  was  also  said  to  have  been  put  up  by  A.  Cj 
Kirk  in  i86i.t  who  employed  it  for  the  extraction  of  solid  paraffin 
from  shale  oil. 

The  application  of  a  refrigerating  machine  to  the  cooling  of  choco- 
late during  the  process  of  manufacture  was  first  made  by  J.  S.  Fry  in 
1881, t  in  which  year  he  employed  one  of  Lightfoot's  double  expansion 
horizontal  cold-air  machines,  and  was  enabled  to  proceed  without 
interruption  throughout  the  whole  year  with  work  that  had  previously 
"Proceedings.  Instiimion  of  Mechanical  Engineers,"  18B6,  p.  246. 


I-  Ibid.,  p.  231. 
I  "l-rocpti" 
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to  be  suspended  during  the  hot  weather.  Since  [hat  time  the  use  of 
refrigerating  machines  in  chocolate  works  has  become  almost  universaL 
A  great  saving  in  chocolate  manufacture  is  likewise  effected  by  the 
rapid  solidification  which  is  rendered  possible,  and  the  waste  thus 
avoided;  and  furthermore,  as  the  chocolate  leaves  the  moulds  readily 
and  intact,  a  considerably  fewer  number  of  the  latter  are  required  to  do 
the  same  amount  of  work; 

Another  important  application  of  refrigerating  machinery  is  to  con- 
stnictinnal  work,  such  as  the  formatii-m  of  tunnels,  the  sinking  of  shafts, 
wells,  laying  of  foundations,  etc. 

Chocolate  Manufacture, 

The  cold-air  machine  is  well  adapted  for  chocolate-cooling,  pro- 
vided only  that  the  air  be  dry,  an  achievement  claimed  by  the  inventors 
for  the  "  Arctic  "  machine,  and  Messrs.  Cole  have  applied  it  to  sei-eral 
chocolate  factories  with  complete  success.  An  advantage  of  this  sys- 
tem is  that  whilst  some  forms  of  refrigerating  machines  only  very 
partially  dry  the  air,  and  that  inside  the  rf>om,  by  deposition  of  frost  on 
brine  pipes,  or  producing  a  current  of  air  over  brine-wetted  surfaces, 
the  "  Arctic  "  cold-air  machine  acts  upon  the  air  before  delivering  it  to 
the  cold-rrKjm,  or  other  apparatus,  and  thus  the  moisture  is  deposited 
i.utside  of,  and  away  from,  the  cold-niom.  There  is  also  the  further 
advantage  of  there  being  no  brine  (lipes  on  which  to  deposit  frost, 
which  may  drop  on  to  the  chocolate  trays,  etc.,  and  requires  the  pro- 
vision of  special  draining  gutters,  all  of  which  apparati  are  frequently 
more  or  less  imperfect  in  their  action. 

A  rotary  chocolate  cooler  of  very  ingenious  construction  has  been 
lately  devised  by  Mr.  J.  C.  Broadbent  and  Mr.  j.  McRae,  by  means 
of  which  it  is  claimed  that  the  chocolate  during  the  process  of  becom- 
ing solid  is  preserved  from  any  moisture,  a  difficulty  which  the  inventors 
state  has  not  been  overcome  in  any  of  the  apparatus  hitherto  designed. 

broadbent  and  McRae's  apparatus  consists  of  a  series  of  chambers 
revolving  on  a  central  pivot.  The  cooler  is  cylindrical,  with  a  diameter 
of  abc>ut  10  ft.  and  a  height  of  8  ft.  The  outside,  that  is,  the  case,  is 
constructed  of  wood,  and  insulation  is  secured  by  the  use  of  silicate 
cotton.  The  circular  basis  of  the  apparatus  is,  of  course,  furnished 
with  a  like  insulating  substance.  The  upright  steel  axle  is  2%  in. 
in  diameter,  and  lound  this  revolve  the  sets  of  shelves.  Every- 
set  of  shelves  is  fitted  with  wooden  sides,  so  that  these  form  in  the 
i,>uter  shell  six  pjrfectly  isolated  and  refrigerating  compartments,  the 
whole  bring  furnished  with  a  toothed  revohing  gear  connected  by  a 
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hand  wheel  situated  at  the  front  of  the  machine.  The  chambers  are 
provided  with  an  arrangement  of  spaces  for  cooling  by  brine.  These 
have  to  be  put  in  pf>sition  when  the  cooler  is  to  be  used,  so  that  nona 
of  their  number  can  coincide  with  the  door  space  of  the  cooler  iCsdf. 
The  shelves  of  each  compartment  in  the  copier  run  2  ft  9  in,  long  bjf 
I  ft.  9  in.  wide.  Of  these  compartments  there  are  sis,  with  a  sp«ce 
of  5  in.  between  each.  The  special  trays  on  each  shelf  are  adjusted 
to  carry  from  10  to  15  lbs.,  but  where  it  is  required,  by  a  simple 
change,  blocks  of  any  size  can  be  cooled. 

The  ordinary  capacity  cJ  an  apparatus  of  the  above  dimensions  is  3» 
cwt.  a  day,  but  a  much  greater  capacity  can  be  had  when  dewred.  One 
of  the  advantages  claimed  for  this  apparatus  is  that  no  fastenings  are 
needed.  It  is  conslrurted  on  the  iveilge  principle,  ami  hence  all  the 
doors  close  automatically  tight.  The  apparatus  is  so  ingeniously  arranged, 
that  when  the  compartments  revolve,  and  one  of  ihcm  arrives  at  the 
door  space,  and  the  door  is  opened,  elliptical  shutters  are  auto- 
matically operated  so  as  to  cause  the  sides  of  ihe  compartment  to  (it  so 
perfectly,  that  the  rest  of  the  cooler  remains  completely  isolated  fioa 
the  air.  In  ptiint  of  fact  the  door  may  be  left  open  at  any  time  without 
there  being  the  slightest  change  in  the  temperature  of  any  of  the 
other  compartments.  Then  again  the  top  and  bottom  shutters  of' 
each  division  are  alisolutely  self-acting — automatic,  in  fact^and  thus 
rendM'  the  compartment  entirely  air-tight.  Another  ingenius  point  ii 
that  the  upper  and  lower  ends  of  the  several  compartments  are  so 
made  that,  as  the  shelves  rotate,  the  upper  am!  lower  diviuons  oj 
on  the  parallel  lever  system,  and  directly  rotation  ceases  they  shut. 
A  Steinle's  thermcMneter  keeps  a  record  of  the  temperature  inside  the 
cooler  and  is  read  on  the  outside:  There  is  also  an  ingenious  plan 
by  which  the  contents  nf  the  cooler  is  indicated.  The  circular 
top  is  graduated  by  six  marks  numbered  from  one  to  six,  correspcwiding 
to  the  six  compartments.  In  order  to  charge  and  uncharge,  the  whed 
beside  the  door  of  the  cooler  is  simply  turned  until  the  requi 
number  coincides  with  a  fixed  pointer  in  the  front.  A  convenients 
arrangement  is  provided  for  marking  the  time  at  which  the  different 
compartments  are  charged,  and  a  timepiece  is  fixed  in  the  middle  of  r 
plate  having  six  dials  furnished  with  movable  hands.  To  facilitate 
occasional  cleaning,  the  top  of  the  cooler  is  equipped  with  a  vapoup 
valve,  through  which  an  air  current  can  be  passed  for  that  purpose. 

In  another  apparatus  for  treating  chocolate  an  endless  travelling 
band  or  apron  is  provided  by  means  of  which  the  chocolate  is  traversed 
through  a  refrigerated  compartment. 


)ne  of  the,  if  not  the,  most  important  of  the  industrial  applic 
■  of  rrfrigerating  machines  is  that  i.if  rtxiling  water  to  be  used  for 
refrigerating  and  attemperating  purposes  in  breweries.  I'his  is  more 
especiaJly  required  when  the  supply  of  water  is  derived  from  a  river 
or  other  source  exposed  to  the  heat  of  the  sun,  or  from  the  water 
mains  in  large  towns,  the  water  from  both  of  these  sources  usually 
rising,  during  the  summer  months,  to  from  65^  lo  70°  Fahr. 

Where  a  plentiful  supply  of  well  water  at  a  temperaitire  of  from 
50'-  to  54^  Fahr.  can  be  obtained,  the  prevision  of  means  for  artificial 
cooling  becomes  of  minor  importance  for  this  special  purpose,  and 
can  be  dispensed  with. 

When,  however,  the  water  supply  is  at  a  comparatively  high  tem- 
perature, such  as  that  above  indicated,  it  would  of  course  be  totally 
impossible  to  cool  the  worts  down  to  the  ordinary  pitching  tempera- 
tures of  from  57*^  to  59°  Fahr.,  or  to  control  the  fermentation  in  the 
tuns  or  squares  with  water  at  such  a  temperature  passing  through  the 
attemperators,  and,  moreover,  on  the  completion  of  the  fermentatiuns 
it  would  be  likewise  quite  impracticable  to  coo!  the  finished  beers 
down  to  the  temperature  desirable  for  racking. 

One  of  the  txrst  operations  is  the  refrigerating  of  the  hot  beer  wort. 

The  usual  practice  is  to  first  slightly  reiluce  the  temperature  of 
the  hot  wort  by  exposing  it  in  the  large  tank  known  as  the  cool-bed 
or  cool-ship,  which  is  generally  located  on  the  top  of  a  building  and 
roofed  over,  the  sides  being  only  enclosed  by  lattice  work,  so  as  to 
allow  a  free  circulation  of  air,  and  then  permit  it  to  flow  slowly  down 
over  the  tubes  or  coils  of  a  "  Baudelot  Cooler." 

The  Pontifex-Wood  brine  refrigerator  is  also  successfully  employed 
for  cooling  beer  worts.  This  apparatus  consists  essentially  of  sets  or 
rows  of  copper  or  brass  tubes  arranged  horizontally,  and  secured  at 
their  extremities  in  return  heads.  Through  these  tubes  and  heads  the 
cold  brine  from  the  refrigerator  is  caused  to  flow,  and  the  beer  worts 
to  be  cooled  is  allowed  to  trickle  over  their  exterior  surfaces. 

An  ordinary  refrigerator  for  cooling  hot  beer  wort  consists  of  a 
shallow  vat  wherein  is  mounted  a  continuous  tube  or  pipe,  through 
which  the  cooling  water  is  forced  in  a  direction  opposite  to  that  taken 
by  the  wort.  The  object  of  thus  running  the  wort  in  one  direction 
and  the  water  in  another  is  to  ensure  the  delivery  end  of  the  wort  being 
exposed  to  the  coldest  portion  of  the  stream  of  water.  In  another  form 
the  wort  passes  through  a  coil  of  pipe  arranged  in  a  vat,  through  which 
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a  circulation  of  cooling  water  is  kept  up.  A  more  complicated  arrange- 
ment  is  that  wherein  boxes  are  arranged  to  project  alternately  from 
opposite  sides  of  a  double  walled  vertical  case;  through  the  latter,  and 
which  boxes,  the  wort  is  caused  to  lake  a  zig-zag  course  l)y  suitable 
check-plates  extending  centrally  into  the  boses.  The  cooling  water 
takes  a  like  sinuous  or  zig-zag  course  on  the  exterior  of  these 
boxes.  A  wort  or  beer-cooler,  employed  in  many  large  breweries,  is. 
red  vat,  fitted  with  a  volute  formed  by  a  wide- 
I  edge  between  the  upper  and  lower  plates 
attached,  in  such  a  manner  as  to  form  a  helil 
with  two  distinct  spaces.  Through  one  of  these  spaces  the  refrigerat- 
ing liquid,  or  medium,  is  circulated,  suitable  inlet  and  outlet  passages 
being  provided,  and  through  the  other  the  wort  or  beer  to  be  cooled. 
Brotherh'XKl's  refrigerator  consists  of  a  number  of  long  boxes  placed 


a  large  shallow,  c 
strip  of  metal  sH 
heads,  to  which  i 
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side  by  side  or  otherwise,  each  box  having  a  flow  and  return  passage 
for  the  cooling  water,  and  copper  tubes  through  which  the  wort  p; 
Hollow  covers  at  the  ends  of  the  boxes  afford  communication  betwe^ 
one  tier  of  tubes  and  another. 

Mash  tuns  are  likewise  constructed  in  which  the  vertical  shaft 
carrying  the  rake  or  stirrer  is  formed  hollow,  as  also  the  arms  of  t 
side  rake,  which  latter  are  perforated  with  a  number  of  small  bolet 
Through  the  above-mentioned  hollow  shaft  and  perftwated  anii  s 
is  first  passed  to  boil  the  wort,  and  subsequently  air,  rerluced  to  I 
low  temperature  in  order  to  cool  or  refrigerate  it  In  a  refrigeratin| 
or  cooling  apparatus  on  a  somewhat  similar  principle,  air,  previouj" 
reduced  to  a  low  temperature,  is  forceil  into  the  perforated  false  bod 
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torn  of  a  vat,  from  whence  it  escapes,  ihiough  these  holes  or  perfora- 
tkins,  and  passes  up  through  the  wort  ur  beer  containeil  therein. 

Numerous  other  arrangements  are  also  in  use  in  this  country  and 
abroad.  One  of  which,  of  American  origin,  is  as  follows : — First  the 
hot  wort  is  delivered  into  a  trough  of  V  shape  in  transverse  section, 
from  the  bottom  of  which  it  trickles  over  a  series  of  horizontal  pipes 
arranged  in  line  vertically,  and  through  which  the  cooling  water  is 
passed,  the  cooled  wort  being  finally  collecled  in  an  U  shaped  trough 
for  deliver^'  to  the  fermenting  tun. 

An  apparatus  which  is  extensively  used  in  America  for  cooling  or 
refrigciaiing  hnt  heer  miri,  is  thai  krinvvn  as  the  "  Baudelot  Cooler," 


^This  apparatus  is  c mstructei!  fi^r  use  buth  with  a  brine  circulation  anil 
direct  expansion.  In  the  first  arrangement,  shown  in  Fig.  272,  the 
upper  portion,  or  half  of  a  set  of  tubes  or  coils,  arranged  horizontally, 
is  cooled  by  the  ordinar)-  well  or  main  water,  and  the  lower  part  or 
half  thereof  by  mechanical  refrigeration  on  the  direct  expansion  sys- 
tem. In  the  secrmd  arrangement,  shown  in  Fig.  273,  the  upper  part  or 
half  of  the  jMpes  or  coils  is  similarly  cooled,  but  the  lower  portion 
c.balf  is  cooled  bj  brine  circulation. 

The  above  Baudelot  cooling  apparatus  is  made  by  the  Frick  Co.,  U.S. 
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Another,  and  also  a  very  important,  use  for  a  refrigerating  machine 
in  breweries  is  that  of  cooling  the  air  in  the  fermenting  and  ye^ 
rooms,  an  arrangement  for  which  purpose,  on  the  brine  circulation  sys- 
tems, is  shown  in  Fig.  274.  This  cooling  is  necessary  during  hi.i 
weather,  even  in  cases  where  an  unlimited  supply  of  cold  water  for 
refrigerating  and  attemperating  is  obtainable,  inasmuch  as  the  \ 
can  only  be  applied  to  the  cooling  of  the  beer  itself  in  the  fennenting 
vessels,  and  not  to  the  head  of  yeast  above.  The  result  of  this  is  that, 
although  the  fermenting  beers  can  be  kept  well  under  control  by  the  I 
use  of  the  attemperators,  the  yeast  above  is  frequently  found  to  be  J 
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going  wrong  by  reason  of  the  excessive-temperature  of  the  atmosphere 
of  the  room. 

In  employing  a  refrigerating  machine  for  this  purpose,  in  connec- 
tion with  the  arrangement  shown  in  Fig.  22-),  brine  reduced  in  the 
cooler  or  refrigerator  to  ahuiil  the  tempsrature  of  the  latter,  that  is  frura 
lo'loio"  Fahr.,  or  very  much  lowerif  desired,  is  circulated  through  rows 
of  pipes  B  fived  over  the  tuns  A,  or  the  squares,  to  be  cooled  in  the  fer- 
menting rooms,  and  also  in  the  yeast  rooms,  the  said  system  of  pipes 
being  reduced  by  the  brine  to  below  freezing  point,  and  the  atmosphere 
of  the  rooms  from  contact  with  the  latter  to  45'^  or  50'"'  Fahr,,  or  any 
other  desired  point.     By  this  means  an  October  temperature,  that  is 
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to  say,  one  of  50°  Fahr.  or  less,  can  be  obtained  during  the  hottest 
summer  weather. 

Fig.  275  shows  an  arrangement  for  cooiing  a  fermenting  room  on 
the  direct  expansion  principle,  fitted  with  the  De  la  Vergne  patented 
pipe  system,  a  detailed  description  of  which  will  be  found  in  a  previous 
chapter. 

The  speeii  of  the  flow  of  brine  in  the  first  arrangement,  shown  in 
Fig.  274,  through  the  various  circulations,  can  be  regulated  at  will  by 
means  of  stop<:ocks  or  valves  provided  on  the  several  branch  mains, 
and  that  of  the  gas  or  vapour  in  the  second  arrangement,  shown  in 


Eipansion 


Fig.  27Si  by  the  expansion  valve,  and  consequently,  the  tempera- 
ture of  the  fermenting  room.s  can  be  regulated  at  will.  In  simple 
arrangements,  such  as  the  foregoing,  the  brine  mains  b,  and 
the  direct  expansion  pipes  respectively,  cool  the  entire  area  of  the 
fermenting  room;  that  is  to  say,  a  separate  brine  circulation  (Fig.  274) 
or  roil  of  vapour  pipes  (Fig.  275)  is  run  over  each  row  of  rounds  or 
tuns,  and  all  are  cooled  at  once.  Where  a  number  of  large  squares 
have  to  be  cooled,  however,  a  more  elaborate  arrangement  is  preferably 
employed,  and  the  sides  and  tops  of  the  squares  are  boxed  in  or  en- 
with  partitions  formed  of  light  boarding,  under  which  a  separate 


W  tmplo' 
Kosed 


386  REFRIGERATION  AND  COLD  STORAGE. 

circulation  of  brine  or  vapour  pipes  to  each  square  is  fixed.  The  latter 
plan  enables  the  temperature  of  the  air  over  each  square  to  be  regu- 
lated separately  and  independently  of  the  others,  and  the  brine  or 
vapour  to  be  shut  off  completely  from  empty  squares,  thereby  lessen- 
ing the  work  of  the  refrigerating  machine.  It  also  further  economiseJ 
the  work  of  the  latter,  inasmuch  as  only  the  air  directly  over  each  ves- 
sel has  to  be  cooleij. 

In  working  a  refrigerating  machine  on  the  brine  circulation  prin- 
ciple, for  these  cooling  purposes,  in  a  brewery  of  moderate  dimensions, 
it  is  usually  run  during  the  daytime,  and  when  it  is  .shut  off  at  night, 
and  the  fermenting  rooms  are  closed  up,  the  large  amount  of  cold 
stored  up  in  the  brine  in  the  pipes  over  the  fermenting  vessels,  is,  as 
a  rule,  found  tn  be  sufficient  to  keep  the  atmosphere  of  the  rooms 
down  to  the  desired  temperature  during  the  night;  except,  however,  in 
very  hot  weather,  when  ihe  machine  has  usually  to  be  run  continuously. 
In  very  large  brenenes  also  it  has  generally  to  be  kept  working  day  and 
night. 

In  some  instances,  a  refrigerating  machine  is  employed  for  the 
combined  purposes  of  cooling  water  for  use  in  refrigerating  and  attem 
perating,  and  of  cooling  the  air  in  the  fermenting  and  yeast  rooms.  In' 
an  arrangement  of  this  descriptinn,  at  the  top  of  the  brewery  building, 
or  at  a  sufficient  elevation  to  command  the  refrigerators  and  3ttenip>era- 
tors,  m  fixed  a  suitable  ice-water  tank,  and  above  this  tank  a  brine 
refrigerator,  which  latter  may  consist  of  horizontal  rows  of  brass  or 
copper  pipes,  through  which  a  branch  circulation  of  cold  brine  fmra 
the  mains  is  run,  whilst  over  them  the  supply  water  at  6o"  or  65°  Fahr. 
or  other  temperature,  is  allowed  to  trickle  or  flow  slowly.  This  water 
is  thus  reduced  by  the  cold  brine  within  the  pipes  to  about  33°  Fahr., 
or  to  any  other  desired  temperature,  after  which  it  is  passed  into  ihe 
ice  or  cold  water  tank,  from  which  it  is  drawn  through  pipes  as  re- 
quired for  refrigerating  and  attemperating.  This  arrangement  admits 
by  the  simple  opening,  closing,  or  regularing  of  the  stopni-ocks  or  val\'es, 
of  the  whole  or  any  desired  proportion  of  the  power  of  the  machine 
being  applied  to  the  cooling  of  air,  or  to  the  cooling  erf  water,  or  to 
both  operations  at  the  same  lime. 

Lager  beer  fermenting  rooms,  and  store  cellars,  can  be  cooled  by 
a  plan  substantially  similar  to  thai  shoivn  in  Fig.  274,  for  cooling  the 
air  in  fermenting  and  yeast  rooms  in  ordinary  breweries.  In  the  case 
of  lager  beer,  however,  where  the  whole  of  the  fermenting  rooms  are 
kept  at  a  temperature  of  about  42°  Fahr.,  and  the  stores  at  about  38" 
Fahr.,  a  proporiionately  larger  number  of  brine  cooling  pipes  are  re- 
quired, 
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Figs.  2^t  and  277  ami  278  illustrate  a.  method  of  cooling  a  fermenting 
room,  which,  as  well  as  ihe  pipe  arrangement  for  vault*  shown  in  Fig.  279. 


are  constructetl  by  the  Frick  Company,  U.S.  In  the  arrangement 
Ehtwn  in  P"ig.  276  the  coils  are  suspended  from  iron  floor-beams,  and 
are  located  in  passage-ways  and  at  the  sides  of  the  rooms,  by  which 


means  any  drip  into  the  tubs  is  avoided,  and  free  access  to  each  tub  is 
admitted  of.     Figs.  277  and  278  show  in  side  elevation  and  transverse 
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plied  br  the  same  firm.  In  this  system  t 
through  the  atteiDperaton  and  r^ului 
fermentation,  is  cooled  in  a  dstem  or 
with  either  a  direct  ammonia  expansion 
by  the  refrigerating  machine  which  is  on  i 
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B      section  the  arrangement  adopted  for  suspending  fiat  [npe  coils  from 
™        cdling  on  the  iron  floor-beams. 

In   Figs.    280    and    281    is    shown,    in    side   elevation    and    plan. 
an  automatic  attempe ration  system  with  a  cooling  arrangement  sup- 


REFRIGERATION  AND   COLD  STORAGE. 


for  Vault  in  Brenei)      Tranaverse  S«lian. 


[Jied  by  the  same  firm  In  this  system  the  ice-water  for  pumping 
through  the  attemperators  and  regulating  the  temperature  irf 
fermentation  is  cfKiled  in  a  cistern  or  suitable  tank,  provided 
with  either  a  dirat  ammonia  expansion  or  brine  coil,  supplied 
by  the  refngeratmg  machine  whith  is  on  the  ammonia  compression 
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principle,  the  sweet  or  ice-water  thus  made  being  forced  through  the 
atlemperators  in  the  tubs,  each  or  any  of  which  can  be  shut  off  or 
regulated  at  will,  the  pressure  and  amount  of  cooling-water  being  under 
automatic  control  of  a  self-acting  pump  and  regulator  which  supplici 
the  atlemperators  and  needs  no  attention,  whether  one  tub  or  mani 
be  in  use.  ' 

In  t-ig.  2%2  is  shown  the  arrangement  of  an  apparatus  for  cocking 
water  fur  refrigerating  and  attemperating  purposes  in  a  brewery,  by 
means  of  an  ammonia  absorption  machine  of  the  Pontifex-Wood  type. 

In  the  illustration  h  is  the  water-service  pipe  from  the  company's 
main,  or  from  other  source  of  supply;  i  is  the  cooled  water-pipe  lead- 
ing from  the  cooler  o  up  to  the  ice-water  tank  j,  in  which  the  cooled 
or  refrigerated  water  is  stored  to  be  drawn  off  as  may  be  required  fw 
refrigerating  or  attemperating.  A  thermometer  is  fitted  on  the  pipe  i 
at  the  outlet  from  the  cooler,  and  a  regulating  cock  or  valve  on  the  pipe 
H,  by  which  the  supply  can  be  so  adjusted  as  to  admit  of  the  cooled 
water  being  delivered  at  any  predetermined  temperature.  The  water 
from  the  supply  pipe  h  is  run  direct  through  the  coil  of  the  cooler  o 
of  the  machine  (which  is  placed  on  the  ground  floor  of  the  breweri". 
and  sufficiently  near  the  steam  boilers  to  admit  of  a  supply  of  steam 
b!:ing  obtained  for  use  in  the  generator),  from  whence  it  passes  re- 
duced to  a  temperature  of  45°  or  50°  Fahr.,  or  to  any  other  desired 
lower  temperature,  to  the  tank  j,  which  is  at  a  sufiScient  elevation  to 
command  the  refrigerators  and  atlemperators,  and  from  which,  as 
above-mentioned,  it  can  be  drawn  irff  as  wanted.  The  tank  J  is  fittei] 
with  a  suitable  lid  or  cover,  and  is  preferably  constructed  of  wood,  or  of 
iron  lagged  with  wood  and  sawdust. 

A  is  the  condenser,  b  the  separator,  c  the  condenser,  d  the  refrigera- 
tor, E  is  the  absorber,  and  g  is  the  economjser.  A  full  description  of 
the  Pont  if  ex-Wood  ammonia  absorption  machine  has  been  already 
given  in  a  previous  chapter. 

In  working  an  arrangement  of  this  description  the  machine  is  started 
in  the  morning  sufficiently  early  to  admit  of  the  ice-water  tank  j  being 
filled  up  by  the  time  the  refrigerators  are  set  to  work.  The  machine 
is  kept  in  operation  until  the  refrigerating  is  done,  and  for  a  sufficient 
length  of  titne  after  to  admit  of  the  tank  j  being  filled  up  again,  su 
as  to  provide  a  sufficient  supply  of  ice-water  for  the  use  of  the  attem- 
perators  dtiring  the  night  and  until  the  machine  is  again  started  next 
day.  It  is  stated  by  the  makers  that  when  the  tank  j  is  properly  con- 
structed as  regards  insulation,  it  has  been  constantly  found  in  practice 
that  the  rise  in  temperature  of  the  water  is  not  more  than  1    Fahr.  during 
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1  stoppage  of  from  twelve  to  twenty-four  hours.  The  ice-water  from 
the  tank  j  is  forced  through  the  altemperators,  Jue  provision  being 
made  for  enabling  the  supply  to  each  of  ihem  being  suitably  reguialej, 
or  cut  off  altogether  if  desired,  independently  of  the  othMS,  The  pump 
for  circulating  the  ice-water  through  the  altemperators  should  be  self- 
acting  and  provided  with  an  automatic  regulating  device,  thereby 
enabling  it  to  act  efficiently  whether  one  or  all  the  attemperators  be  al 
work. 

The  results  obtained  by  the  use  of  an  arrangement  of  the  descrip- 
tion described  are,  in  addition  to  a  marked  improvement  in  the 
quality  of  the  beer,  that  there  is  a  complete  control  over  the  refrigera- 
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lion  and  fermentation,  the  beer  refrigeration  can  be  performed  in  a 
very  much  shorter  time,  and,  consequently,  the  day's  work  completed 
sooner,  and  lastly,  that  the  waste  occasioned  by  the  necessity  for  pass- 
ing the  greatest  possible  quantity  of  the  comparatively  hot  water 
through  the  refrigerators  and  attemperators  is  obviated.  This  latter 
item  alone  is  liy  no  means  insignificant,  the  saving  where  water  com- 
panies' water  is  employed  for  refrigerating  and  attemperating  being 
generally  more  than  half.  In  large  breweries  where  several  machines 
are  employed,  they  are  kept  running  continuously  day  and  night 
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Refrigeration  has  been  found  to  be  an  excellent  means  for  keeping 
hops  from  degenerating,  and  lo  effect  this  purpose  a  dry,  dark  roum, 
thoroughly  well  insulated,  and  maintained  at  a  temperature  of  from 
23"  to  34'  is  found  to  be  the  best.  Either  artificial  or  mechanical 
refrigeration,  ur  ice,  may  be  employed  for  cduiing  i»urposes,  the  first- 
mentioned  being  far  superior.  Before  being  placed  in  the  cold 
storage  room  or  chamber  the  hops  should  be  thoroughly  dried,  sul- 
phurised, and  properly  packed. 

Another  obvious  application  of  refrigerating  machines  in  breweries, 
though  one  of  secondary  importance,  is  that  of  making  small  quantities 
of  ice,  either  for  use  in  keeping  yeast  cool,  or  to  send  out  to  public- 
houses,  or  for  private  use.  This  can  be  very  easily  accomplished  with 
machines  having  a  brine  circulation.  If  only  opaque  ice  be  required, 
all  that  is  necessary  is  to  place  galvanised  iron  pails,  moulds,  or  cans 
of  the  shape  of  which  the  blocks  of  ice  are  desired,  and  filled  with 
water,  in  the  brine  tank,  pnd  the  water  will  be  frozen  in  a  few  hours 
into  solid  blocks  of  ice,  which  can  then  be  loosened  by  dipping  in 
warm  water,  and  turneti  out  of  the  cans,  the  latter  having  a  slight 
taper,  to  admit  of  this  being  more  readily  performed.  When,  however, 
clear,  transparent  crystal  ice  is  desired,  it  is  necessary  to  use  de-ierated 
water,  or  to  keep  the  water  in  motion  whilst  freezing,  and  some  special 
apparatus  is  consequently  required,  such  as  will  be  found  described  in 
the  chapter  on  ice-making. 

In  Fig.  283  is  illustrated  in  sectional  elevation  a  complete  small 
brewery  fitted  with  refrigerating  machinery  on  the  direct  expansion 
system  as  designed  by  the  Triumph  Ice  Machine  Company,  U.S.  This 
cut  gives  a  good  idea  of  the  general  arrangement  of  the  plant  in  such 
a  brewer)',  for  large  breweries  it  will  of  course  differ  lo  a  greater  or 
lesser  extent,  depending  upon  the  size,  capacity,  etc. 

Refrigeration    m    Candle   and    Paraffin    Oil   Works. 

Further  important  applications  of  refrigerating  machinery  to  manu- 
facturing purposes  are ; — In  candle  works,  for  the  extraction  of  the 
solid  stearino  and  paraffin.  And  in  paraffin  oil  works,  for  enabhng 
refiners  to  extract  in  an  economical  manner  in  the  presses  a  greater 
quantity  of  paraffin  than  is  obtainable  in  any  other  manner,  and  also  to 
obtain  a  product  of  a  superior  quality. 

The  first  type  of  refrigerating  machinery  used  for  the  extraction 
of  solid  paraSin  was,  as  has  been  before  mentioned,  a  Harrisim  ether 
machine,  and  the  mode  of  application  is  described  by  Dr.  A.  C.  Kirk 
as  follows: — 
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"In  1861,  when  I  applied  an  ether  machine  to  the  cooling  of  paraffin  ] 
oil,  in  order  to  extract  the  solid  paraffin,  it  was,  as  far  as  I  know,  tha  J 
first  application  of  a  refngerating  machine  to  manufacturing  purposes. 


L 


"  ParatSn  oil  consists  of  a  nuxture  of  many  oils  c^  various  apecifi 
gravities,  and  contains  in  solution  many  solid  paraffins  of  different  n 
ing  points,  some  crystallising  fiom  the  oil  at  a  low  temperature,  and  J 
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Gome  at  a  compajatively  high  one-  This  crystal lisable  paraffin  has  to 
be  extracted  from  the  oil,  as  much  to  render  the  oil  fluid  at  all  ordinary 
temperatures  as  to  secure  the  valuable  solid  paraffin,  which  is  so  largely 
used  for  candle-making. 

"  As  paraffin  and  paraffin  oil  a/e  verj'  bad  conductors  of  heat,  it 
was  from  the  first  evident  that  in  cooling  it  artificiaJly  the  heat  to  be 
remove.]  could  not  pass  through  a  layer  of  any  considerable  thickness 
but  at  a  very  slow  rate.  In  my  earlier  arrangements,  pipes,  closed  at 
the  bottom  and  open  at  top  tlepended  vertically  from  an  iron  tube 
plate,  and,  by  suitable  arrangements,  a  current  of  cold  brine  was  main- 
tained through  these  pipes.  'J'he  pipes  hung  down  into  a  wooden  box, 
which  was  tilled  with  paraffin  oil,  and,  after  standing  a  certain  time,  the 
oil  was  cooled  and  the  paraffin  was  crystallised  from  its  solution  in  the 
oil,  the  whole  forming  a  pretty  firm  pasty  mass.  An  iron  scraper  plate 
fitted  these  tubes,  and  being  attached  to  the  box  and  drawn  down  with 
it  as  the  box  was  lowered,  forced  this  frozen  paraffin  down  from  be- 
tween the  tubes,  and  it  fell  into  the  bottom  of  the  box. 

"  This  arrangement  wurkeiJ  until  it  was  entirely  burnetl  down. 
U'hen  it  came  to  be  reconstructed,  1  adopted  a  more  speedy  plari.  I 
used  a  drum,  with  cold  water  circulating  in  it,  or  it  might  be  cold 
brine,  and  as  tWs  drum  revolved,  the  lower  part  of  its  circumference 
dipped  into  a  small  pan  containing  the  paraffin  soluticm.  A  coating 
adhered  to  the  drum,  was  cooled  as  the  drum  revoh-e-j,  on  the  opposite 
side  was  scraped  off  continuously  and  fell  into  a  tank  below.  By  this 
means  a  continuous  process  was  substituted  for  an  intermittent  one." 

An  ordinarj-  arrangement  for  the  extraction  of  solid  paraffin  from 
shale  oil  is  shown  in  Fig.  284,  wherein  a  a  are  the  cooling  drums  or 
cylinders,  b  b  the  troughs  or  receptacles  intended  lo  contain  the  oil  to 
be  treated,  and  c  c  scrapers  for  removing  the  partly  solidified  oil  from 
the  drums  or  cylinders  a. 

The  operation  of  the  apparatus  is  exceedingly  simple,  a  circulation 
of  brine,  first  reduced  to  about  10°  or  12°  Fahr.,  or  other  desired  tem- 
perature, in  the  usual  manner  is  afterwards  passed  through  the  set  of 
cooling  drums  or  cyhnders  A,  entering  each  of  the  latter  at  one  hollow 
trunnion  or  gudgeons,  and  leaving  at  the  other.  The  lower  portions 
of  the  drums  or  cylinders  A  dip,  as  shown  in  the  drawing,  into  the 
open  shallow  troughs  b,  one  of  which  is  placed  below  each  drum,  and 
in  which  the  oil  lo  be  cooled  and  treaterl  is  placed.  The  surfaces  of 
the  drums  or  cylinders  a  during  their  revolutions  are  immersed  in  this 
«!,  and  become  coaled  with  a  thin  film  of  it,  which  is  ci«)led  by  the 
~^  □  of  the  cold  brine  from  the  machine,  and  reduced  in  tempera- 
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ture  during  the  continuance  of  the  revolution,  until  it  is  finally  removed 
a  pasty  condition  by  Ihe  scrapers  c,  one  of  which  is  arranged  to  press 
against  the  periphery  of  each  of  the  ilrums  or  cylinders.  The  remaining 
oil  is  then  drawn  away  by  plunger  pumps,  and  forced  through  filter 
presses,  which  separate  the  paraffin  wax  crystals  or  scales  from  the 
oil. 

The  employment  of  a  refrigerating  machine  of  one  tvpe  ot  another 
in  a  works  engaged  in  the  production  of  paraffin  is,  and  indeed  has 
been  for  some  years  past,  deemed  indispensable,  and  but  few  manU' 
facturers  now  endeavour  to  do  without  it.  Indeed,  the  dwelopment  of 
the  paraffin  industry  dates  from  the  time  when  an  ether  machine  of  ihi! 
Hanison  type  was  first  used  for  this  purpose,  which,  as  already  men- 
tioned, WEis  in  t86i.* 

Refrigeration  in  Butter  Mani/factories    and    Dairies. 

In  manufactories  of  artificial  butter,  as  also  in  other  butter  and 
cheese  factories  and  dairies,  but  more  especially  in  the  former,  refri- 
gerating machines  play  an  important  part,  both  for  ensuring  an  ample 
supply  of  cold  water,  and  for  cooling  stores  or  chambers,  the  former 
being  an  essentia!  for  successful  manufacture  in  hot  weather,  and  the 
latter  enabling  butter  and  margarine  to  be  kept  in  prime  condition  until 
a  favourable  opportunity  for  disposing  of  it  presents  itself. 

In  the  manufacture  of  artificial  butter  a  variety  of  ingredients  are 
first  melted  and  amalgamated  together  at  about  blood  heat  in  chums, 
and  the  resultant  mass  is  then  mixed  with  and  run  out  into  ice-C(Jd 
water  contained  in  open  troughs.  This  sudden  application  of  intense 
cold  crystallises  and  granulates  the  artificial  butter,  which  is  then 
skimmed  off,  and  at  the  same  time  it  also  washes  out  the  butter  milk, 
which  otherwise,  by  its  rapid  decomposition,  would  taint  the  butter. 

Primarily,  and  indeed  still  to  a  considerable  extent,  the  means 
adopted  for  reducing  this  water  to  the  requisite  temperature  is  the 
application  of  natural  ice,  which  is  placed  in  tanks  partially  filled  with 
water,  and  by  mehing  imparts  its  cold  to  the  latter.  This  plan, 
however,  is  open  to  several  serious  objections,  amongst  which  may  be 
mentioned ; — The  excessive  cost  of  the  ice  and  of  the  necessary  labour 
for  handling  it;  the  impossibility  of  thus  obtaining  as  low  a  temperature 
as  is  desirable,  the  best  result  being  the  mean  nf  the  two  temperatures 
of  the  ice  and  the  water;  the  non-attainment  of  a  regular  temperature 

•  For    further    information     repatdlng    Lhc     practice    in   paraffin     cooling,     yt* 
"  Journal  of  Ibe   Society  oi  Chemical  Industry,"  of  191b  May  and  joth  Ki 
1885. 
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continuously :  and  finally  that  the  natural  ice  is  always  more  or  less 
dirty,  and  renders  the  cooled  water  so  also,  and  consequently  soils 
and  spoils  the  coluur  and  appearance  of  the  artificial  butter. 

Figs.  285  and  j86  dlustrate  a  refrigerating  arrangement  in  an  arti- 
ficial butter  fartorj-.  an<l  Fig.  ^87  that  in  a  dairy. 


\ 


the  first  of  these  arrangements  (Fig.  285},  a  rirculation  of  brine, 
reduced  to  a  low  temperature  (about  20°  Fahr.),  in  the  evaporator  or 
refrigerator  of  a  P on tifex- Wo.nl  absorption  machine,  or  of  a  compres- 
sion machine  is  forced  by  a  brine  pump  through  the  pipe  1  to 
bottom  of  the  refrigerator  l,  the  conitmclion  of  which  latter  is  more 


^^^v^VviW^Cfg; 
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dearly  shown  in  the  enlarged  view  thereof,  Fig.  286.     It  consists  of 
sets  or  rows  of  hnriznntallj-  arranged  ripper  or  brass  tHhee.  Re^-Hred  -it 


their  extremities  in  return  heads,  and  through  which  the  nil.l  hrint; 
from  the  cooler  passes.     Over  these  tubes  the  supply  waitr  is  aUuiicd 
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to  trickle  into  the  cooled  or  ice-waler  tank  m,  from  which  it  is  drawn 
i  required  for  the  use  of  the  chums  through  the  pipes  n.  In  this 
steniy  and  constant  supply  of  clean  cooling  water  at  a  tem- 
perature as  low  as  ji's"  Fahr.  is  ensured.  The  brine  returns  to  the 
pump  from  the  tup  of  the  refrigeralor  l  through  the  pipe  j. 

In  factories  where  the  practice  of  using  water  cooleii  down  only  to 
39"'  or  40°  Fahr.  prevails,  the  brine  refrigerator  l  can  be  dispensed 
with,  and  the  wafer  to  be  rooled  may  be  simply  run  through  the  pipes 
in  the  cooler  as  in  the  arrangement  in  a  brewery  for  cooling  water 
for  refrigeraxing  and  attempsrating,  shown  in  Fig,  282. 

In  the  second  arrangement  (Fig.  ^87)  an  ammonia  compression 
machine  of  the  Kiibourn  improve  1  type,  driven  by  means  of  bell 
gearing  from  a  gas  engine  is  used.  This  cream-cooler  is  fixed  against 
the  wall  of  the  cold  store  or  chamber,  a  portion  of  which  latter  only 
is  shown  in  the  drawing.  The  rream-rooler  is  ronstrui-ted  of  tinned 
copper,  and  is  fitted  with  small  w rough t-i run  roils  without  in- 
ternal joints,  similar  coils  being  likewise  provided  in  the  water-cooling 
tank,  a  portion  of  which  is  shown  on  the  top  of  the  cold  store  or  cham- 
ber. The  refrigeration  is  effected  on  the  direct  system,  the  ammonia 
gas  or  vapour  being  permitted  to  expand  into  the  coils  of  pipe  in  the 
cold  store  or  chamber  and  of  the  cream  and  water-coolers. 

It  was  formerly  held  that  the  freezing  of  butler  by  causing  a  rup- 
ture of  the  fat  glol)uIes  produced  a  deterioration  in  the  quality  of  the 
butter  after  thawing,  but  this  idea  has  been  now  abandoned,  and  was 
never  borne  out  by  the  practical  experience  of  buHei  merchants.  In 
fart,  for  the  storage  of  butt-^  for  any  le:igihene  1  perio  1  of  time  freezing 
is  usually  advisal)le,  as  it  has  been  found  ihat  butler  so  treated  is  far 
superior  to  that  which  has  been  chilled  or  kept  in  ordinary  cold 
storage.  Frozen  butter  both  retains  its  flavour  and  body  better  than 
the  other,  and  what  is  of  considerable  importance,  is  less  easily  affecte  I 
by  bad  odours  or  other  contamination.  It  may  here  be  impressed  on 
those  concerned  in  the  storage  of  butter  that  the  greatest  precautions 
should  be  taken  to  protect  that  ct^mmodity  from  contact  with  the  gases 
due  to  decomposition,  or  with  the  minute  particles  that  may  be  con- 
tained in  the  air  of  the  cold  storage  room  or  chamber,  and  which  the 
butter  will  absorb  very  freely. 

An  ordinary  form  of  milk  or  cream-cooler  consists  simply  in  a  pan 
fitted  with  a  false  bottom,  through  the  space  or  clearance  between 
which  and  the  real  bottom,  a  circulation  of  cold  or  refrigerated  water  is 
maintained. 

Figs.    z88    and    289   show    in    plan    and    elevation    the   Sandbach 
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combined  creajn-cooler  and  heater,  which  ia  said  to  be  a. 
system  for  the  rapid  rafrigeration  of  cream. 

The  apparatus  consists  essentially  of  the  following  parts 
ing  vat  and  combined  cooler  and 
heater,  and  a  mechanical  agitator 
driven  off  the  main  shafting.  The 
cooling  or  heating  apparatus  is  so  de- 
igned that  it  presents  a  large  cooling 
or  heating  surface  in  a  comparatively 
small  space,  and  when  employed  for 
the  former  purpose  can  be  used  in 
conjunction  with  any  description  of  re- 
frigerating machine,  either  for  cooling 
cream  or  for  the  production  of  iced 
water. 

Fig.  290  is  a  circular  capillary 
cream-cooler.  This  type  of  cooler, 
which  ia  much  used  in  Belgian  dairies 
and  cretiineries,  is  made  in  various  sizes, 
the  largest  having  a  cooling  capacity  of 
about  aoo  gallons  per  hour  from  65-  to 
51-  Fahr.  It  can  be  used  with  any 
refrigerating  machine,  and  the  cold 
brine  is  pumped  through  the  cooler, 
the  cream  passing  over  the  exterior. 

In  aJl  large  dairies  the  pasteurisa- 
tion of  milk  is  now  become  part  of 
the  ordinary  routine,  and  this  process 
creates  a  demand  for  additional  refri- 
gerating machinery,  it  being  E^solutely 
essential  to  reduce  the  temperature 
after  pasteurisation  as  rapidly  as  it 
can  possibly  be  effected. 


very  good 
— A  ripen- 


Kefricekation  in  Tea  Factories  for  REGin,ATiNG  tiit.  Tempera- 
ture OF  THE  Oxidising  or  Fermentation  of  Tea. 
It  is  found  desirable  lo  maintain  the  atmosphere  of  the  fermenting 
HM^ms  in  tea  factories  situated  in  the  low  countries  or  plains  at  the 
same  temperature  as  ihose  of  lai-'turies  situated  in  the  hills,  and  this 
can  be  advaiUageouitly  carrietl  out  by  lueaJis  of  mechanical  refrigera- 
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lion.  A  patent  for  an  arrangement  of  this  description  has  been  obtained 
by  Mr.  H.  T,  Annitage  of  Halton.  By  means  of  this  process  w. 
tanks,  cold  cloths,  fans,  etc.,  can  be  dispensed  with,  and  the  oxidation 
or  fermentation  carried  on  instead  in  a  cold  room,  the  temperature 
of  which  need  not  be  reduced  below  45°,  at  which  point  it  has 
been  foiuwi  that  fermentation  ceases.  A  plant  erected  by  Mr.  Anni- 
lage,  for  the  above  purpose,  consisting  of  a  Schou's  patent  ammonia 
compression  machine,  made  by  Toxen  and 
Hammerich,  having  a  cooling  capacity  suffi- 
cient to  maintain  a  room  of  about  3,80 
cubic  feet  at  40°,  with  the  tetnperature  out- 
side at  about  70°  Fahr.,  and  requiring  about 
2l-i  horse-power  for  driving  purposes,  is 
found  capable  of  cooling  about  250,000  lbs. 
of  made  tea  per  annum. 


Various  other  Manufacturing  and 

Industrial  Applications, 


Amongst  the  numerous  other  manufac- 
turing and  industrial  api^ications  ol  refri- 
gerating machinerv".  mention  may  be  made 
of  the  following : — 

In  dynamite  factories,  for  maintaining 
the  dynamite  at  a  low  temperature  during 
the  process  of  nitrating. 

In  manufactories  of  photographic  acces- 
sories, fi»  cooling  the  gdatine  dry  plates. 
In    the    establishments   of    win&groweis 
and  merchants,  for  reducing  the  temperature  of  the  must  or  unfer- 
mented  wine,  and  for  the  obtainment  of  ail  equable  temperature  in  the 
cellars,  etc. 

lu  soda  water  works  for  cooling  soda  or  mineral  waters  bd'ore 
bottling. 

In  sugar  factories  and  refineries,  for  the  concentration  of  sacoharinft 
juices  and  solutions  by  freezing  or  congealing  the  watery  particle^ 
which  are  then  removed,  leaving  the  residuum  of  a  greater  stmigth. 

In  chemical  works,  for  the  reduction  of  mother  liquors  at  low  teiii* 
lieratures,  thus  hastening  crystal ! is al ion,  and  augmenliny  the  amount  of 
crystals  produced,  as  well  as  reducing  the  cost  of  production.    In  addi-. 
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tion,  however,  to  substances  the  i-r>'staHisation  whereof  is  facilitatcfJ 
by  cold,  it  can  be  also  advantageously  employed  for  the  congelation  of 
various  chemicals,  and  for  other  purposes. 

In  inciiarubber  works,  for  the  curing  and  hardening  of  blocks  of 
indiaiubber,  thereby  facilitating  the  cutting  of  same  into  sheets  for  the 
manufacture  of  various  elastic  articles,  the  material  in  that  state 
admitting  of  its  being  worked  up  in  a  much  superior  manner,  and, 
moreover,  at  a  far  lower  cost.  In  glue  works  for  drying  the  gelatine, 
and  so  admitting  of  the  use  of  less  concentrated  solutions.  And  also 
in  numerous  other  industries,  in  which  it  would  be  impracticable  to 
carry  out  many  of  the  manufacturing  processes  in  the  summer  months 
without  the  employment  of  some  artificial  means  for  cooling. 

Kiir  the  purification  uf  gas  intended  for  the  inflation  of  balloons 
by  the  removal  of  tarry  matter,  etiv,  therefrom,  aJid  aJso  for  drying  the 
gas  by  the  elimination  uf  the  greater  pi/rtion  of  the  aqueous  vapour 
present  in  ordinary  coal  gas  as  usually  commercially  manufactured,  antl 
in  this  manner  greatly  increasing  its  eflicleaicy  for  the  purpose  in  ques- 
UorL    This  method  has  been  proposed  by  Mr.  C.  Lambert. 

Refrigerating  machinery  is  also  used  in  tropical  and  other  warm 
climates  for  cooling  the  atmosphere  of  hospitals  and  public  buildings. 

For  the  regulation  of  plant  growth  by  retarding  the  growth  of 
bulbs  and  flowering  plants  to  produce  blossoms  at  any  time  of  the 
year  desired,  and  to  fruit  trees,  so  as  to  enable  ftuit  to  be  obtained  at 
any  season. 

In  laundries  for  effecting  the  white  bleaching  of  clothes,  and  for 
drying  them,  the  latter  operation  being  performed  by  means  of  a  con- 
densing plate. 

For  the  preser^'ation  of  dead  bodies  awaiting  identification  in 
public  morgues. 

For  the  preservation  of  furs,  and  various  fabrics  such  as  carpets, 
nigs,  silks,  tapestries,  and  upholstered  furniture,  from  the  ravages  of 
moths  and  beetles,  and  in  the  case  of  silks  to  prevent  it  from  losing 
weight,  and  to  presence  its  gloss  or  lustre. 

For  cooling  the  hold.s  tjf  vessels  carrying  live  cattle,  in  which 
manner  an  uniform  temjieralure  of  about  70'^  Fahr.  can  be  maintained 
throughout  the  entire  voyage  (instead  of  its  rising  to  over  100"  as  it 
otherwise  would),  thus  entirely  obviating  the  heavy  losses  of  cattle 
usually  experienced  from  the  high  temperature  and  bad  ventilation. 
It  might  also  be  advantage<^usly  apphed,  on  large  passenger  steamers, 
to  cool  and  ventilate  the  saloons  and  state-rooms,  as  also  the  engine 
rooms,  etc.,  when  in  hot  latitudes. 
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And  finally,  for  producing  artificial  surfaces  of  ice  in  enclosed 
places,  so  as  to  provide  skating  rinks  upon  which  this  pastime  may  be 
enjoyed  during  the  mildest  winters,  or  at  any  season  of  the  year.  Such 
an  application  may  be  now  seen  at  the  Niagara  Hall,  London,  of  which 
the  following  is  a  brief  description  :— 

The  plant  consists  of  ammonia  compression  machines  of  the  De 
La  Vergne  type,  the  ice-making  capacity  of  which  are  of  12  tons  pa 
day  each.  The  rink  itself,  when  in  every-day  use,  requires  the  expendi- 
ture of  a  refrigerating  power  equal  to  that  consumed  in  the  manufac- 
ture of  8  tons  of  ice  per  day,  and  the  balance  of  power,  which  is  con- 
siderable, is  employed  in  the  manufacture  of  block  ice,  and  in  m^n- 
taining  the  cold  storage  chambers  in  connection  with  the  rink  at  the 
required  temperature. 

The  congelation  nr  freezing  of  the  water  to  form  the  ice  surface 
of  the  rink  is  effected  by  a  network  of  pipes  which  are  laid  upon  the 
floor  of  the  rink,  and  through  which  brine,  reduced  to  a  sufficiently 
low  temperature  in  the  refrigerator  of  the  machine,  is  kept 
stant  circulation  by  means  of  a  suitable  brine  pump.  The  non-con- 
gealable  liquid  or  brine  employed  in  this  instance  ii  a  strong  solution  of 
calcium  chloride. 

The  operation  of  the  ammonia  compression  machines  employed  fot 
this  purpose  differs  in  no  way  from  the  description  already  given  when 
dealing  with  that  type  of  machine. 

Constructional  Applications. 

l''or  the  freezing  of  loose  ground  in  quicksand  soils,  in  order  t 
facilitate  sinking  colliery  shafts,  well-sinking,  timnelling,  or  putting  in 
foundations,  wherever  the  amount  of  water  is  loo  great  to  be  pumped^ 
or  in  cases  where  the  removal  thereof  would  damage  existing  found*' 
tions,  to  avoid  the  necessity  for  expensive  underpinning,  etc.  Tlu( 
may  be  effected  either  by  means  of  ammcmia  or  cold-air  machines. 

In  the  case  of  a  quicksand  in  a  well,  a  coil  of  pipes,  of  a  somewhat 
larger  diameter  than  the  lining  of  the  well,  is  usually  sunk  into  th( 
quicksand,  and  the  latter  frozen  by  a  circulation  of  cold  brine  througk 
the  coil.  The  necessary  excavation  can  then  be  proceeded 
and  as  soon  as  the  Uning  is  put  in,  the  circulation  of  brine  is  stoppoi 
and  the  coU  withdrawn. 

TlTNNELLING. 

During  the  construction  of  a  tunnel  for  foot-pass engws  through  1 
hill  in  Stockholm,  this  method  was  employed  for  driving  the  " 
through  about  80  ft.  of  loose  ground,  consisting  uf  gravel  mixed 
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ciny  ami  water,  which  possessed  so  little  mhesiim  as  tn  rencJer  the  onli- 
nary  method  of  excavation  Impossible.  The  refrigeratnr  employed 
was  a  cold-air  machine  of  the  Lightfoot  type,  capable  of  delivering 
25,000  cubic  ft.  of  air  per  hour,  and  the  arrangement  consisted  in  form- 
ing the  innermost  end  of  the  tunnel  into  a  freezing  chamber  by  means 
of  a  partition  wall  made  of  a  double  layer  of  wood  filled  in  between 
with  charcoal.  After  the  refrigerator  was  run  continuously  for  sixty 
hours  the  gravel  was  frozen  into  a  hard  mass  to  a  depth  varying  from 
5  ft.  near  the  bottom  of  the  tunnel  to  1  ft.  near  the  top.  The  work 
was  proce&ieil  with  in  5  ft.  lengths,  the  etravation  rommenring  at  the 
top,  and  a  temporary  iron  wall  of  plates  12  in.  square  was  built  up 
against  the  face  from  the  top  downwards  as  the  cutting  away  of  the 
gravel  was  proceeded  with ;  the  arching  of  the  tunnel  wa-s  completed 
as  quickly  as  possible  close  up  to  this  lemporarv  inm  wall  while  the 
ground  was  still  frozen.  After  being  faJrIy  started  it  was  founil  suffi- 
cient to  run  the  cold-air  machine  on  the  average  from  ten  to  twelve 
hours  every  night,  except  after  heavv  rains,  when  much  water  perco- 
lated through  the  gravel.  After  two  5  ft.  lengths  had  been  excavated 
the  partition  was  moved  forward.  The  daily  progress  whilst  employing 
the  freezing  process  was  on  an  average  about  1  ft. 

A  fidl  descriptifai  of  the  construction  of  this  tunnel  is  given  in  the 
Engineer  of  9th  April,  1886.  And  in  the  issue  of  30th  November, 
1883,  nf  the  same  journal,  will  be  found  an  interesting  account  of  the 
Poetsch  method  of  sinking  colliery  shafts  by  freezing  the  soil  by  means 
of  an  arrangement  consisting  of  a  series  of  vertical  iron  pipes  placed 
in  a  circle. 

I  Sinking  Shafts. 

H      A  very  interesting  account  of  the  more  recent  applications  of  the 
^Poetsch  process  in  France  has  also  been  given  in  a  paper  upon  the 
use  of  freezing  machinery  for  sinking  through  water-bearing  strata  by 
F.  Schmidt,"  of  which  an  abstract  is  subjoined. 

The  Poetsch  process  was  first  employed  in  the  Houssu  coalfieltls  of 

Hainault  in  1885,  having  been  introduced  into  France  at  a  later  date, 

viz.,  1890,  and  since  extensively  employed  for  sinking  pits  through  the 

tertiary  and  cretaceous  strata  above  the  coal  measures  at  Vendin-Sens, 

Dourges,  Courri&res,  Vicq-Anzin,  and  Flines  lez  Raches,  the  pits  being 

r  respectively  82  and  84,  47,  45,  loa  and  102,  and  70  metres  in  depth. 

I         The  latter  was  the  most   difficult  undertaking.     The   permeable 

H'Strata  to  be  got  through  was  70  metres,  blue  marls  affording  a  bearing 
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for  tubing  at  72  to  79  metres;  the  tertiary  sands  and  clays  were  ^5 
metres  and  the  chalk  about  50  metres  in  thickness.  At  the  junction  of 
these  formations  a  heavy  sheet  of  water  was  encountered,  which  gave 
from  a  single  bore-hole  a  flow  of  1,200  cubic  metres,  which  rose  10 
2  metres  above  the  surface;  a  second  one  in  the  lower  portion  of  the 
chalk  between  65  and  70  metres  also  overflowed.  Two  brick  towen 
were  constructed  round  the  mouth  of  the  pit,  viz.,  an  inner  one 
6  metres  and  an  outer  one  of  1 1  metres  in  diameter,  and  rising  the  o 
t•(^  metre  and  the  other  a -6  metres  above  the  level  of  the  surface,  with 
the  objert  of  arresting  these  feeders,  but  were  found  to  be  ineffectual 
and  incapable  of  maintaining  the  water  level  constant  by  reason  erf  a 
lateral  flow  joined  to  subsidence  which  was  set  up  in  the  overlyin| 
strata  of  sand,  the  arre.ning  of  which  neces.sitated  the  sinking  of  a 
special  bore-hole  so  as  to  trap  the  spring  at  a  distance  of  25  metres 
eastward  from  the  pit,  by  which  means  a  steady  head  of  i-6  metre  of 
water  was  got  in  the  towers,  and  the  freezing  operation  could  be  com- 
menced. 

The  freezing  circuits  were  twenty-two  in  number,  contained  in  bore- 
holes 75  metres  deep,  one  of  which  was  located  in  the  centre  of  the 
pit,  which  was  4*2  metres  in  diameter,  the  remaining  twenty-one  being 
arranged  in  a  ring  6  metres  in  diameter.  An  ammonia -compression 
machine  of  the  Fixary  type  was  used  for  the  producfion  of  the  11 
sary  cold  ;  it  was  driven  by  a  500  X  90a  millimetre  single- cylinder 
engine,  making  80  revolutions  per  minute,  and  capable  of  producing 
cold  equal  to  i  ton  of  ice  made  per  hour. 

In  thirty-eight  days  from  the  1st  September,  1894,  upon  which 
date  the  freezing  machine  was  started,  the  ice-wall  was  completed,  and 
the  sinking  commenced  on  the  25th  October,  the  relief  or  special  bore- 
hole being  stopped  for  good  on  the  5th  November.  At  the  upper 
strata  the  ground  was  broken  up  by  means  of  picks  and  wedges,  but  at 
a  lower  level  blasting  by  means  of  compressed  powder  was  employed. 
The  central  tube  was  disused  and  remove^l  as  the  sinking  progressed. 
When  a  depth  of  i4'8  metres  was  reached  Iwo  oak  seating  rings,  the 
one  22  by  24  centimetres  and  the  other  22  centimetres  .square,  were 
secured  in  position  for  the  first  line  of  tubbing,  which  was  composed  of 
segments  of  oak  16  centimetres  to  a  height  of  26  metres  above  the  sur- 
face level,  with  a  16  centimetre  backing  of  concrete  increased  to  70 
centimetres  near  the  surface.  A  second  seating  with  curbs  of  11  by 
24  centimetres  and  21  by  20  centimetres  was  fixed  at  25*93  metres,  and 
a  third  at  43'^2  metres,  which  latter  had  three  seating  rings  respec- 
tively of  22  by  28  centimetres,  23  by  24  centimetres,  and  22  by  22  cen- 
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timetres  in  section,  the  tubbing  rings  being  of  i8  centimetres,  wilh  ihe 
same  thickness  of  crjncretc  behind.  By  April,  1895,  the  pit  was  sunk 
to  a  lieplh  of  70  metres,  and  nn  the  ist  May  the  building  of  the  tub- 
bing was  completed.  Light  was  provided  by  incandescent  electric 
lamps  supplieiJ  with  electricity  from  a  dynamo  situated  in  the  same 
building  a.s  the  freezing  machine. 

The  cost  of  sinking  in  frozen  ground  per  metre  was  as  follows : — 

Freezine ',S50 

Sicking 150 

Tubbing 6;o 

Concreling  anil  sundries     ......  $0 

The  Poetsch  methoil  of  sinking  has  been  al.so  lately  successfully 
employed  at  the  coal-field  of  Ligny-les-Aire  in  a  sinking  through  a  per- 
meable covering  of  about  86  metres,  and  in  the  repair  of  the  cylinder 
pits  of  the  Fontinette  Canal  lift.  These  pits,  which  were  of  4  metres 
in  diameter,  were  sunk  by  compressed  air  and  tubbed  with  cast-iron 
between  188.^  and  1887.  In  1893,  howe%-er,  owing  to  an  irregular  sub- 
sidence of  the  ground,  they  became  leaky,  and  it  was  decided  to  replace 
the  iron  lining  by  otic  of  brickwork  of  80  centimetres  in  thickness,  thus 
reducing  the  diameter  from  the  original  4  metres  to  37  metres, 
with  a  considerable  increase  in  the  bottom  bearing  of  the  press,  which 
waste  consist  of  a  cylindrical  block  of  brickwork  5307  metres  in  dia- 
meter and  2  metres  in  height.  In  the  earning  out  of  these  repairs 
it  was  decided  to  adopt  the  freezing  pnx'ess  in  preference  to  using 
compressci  air,  so  as  to  avoid  any  chance  of  di.itutbing  the  ground,  and 

I'thus  causing  damage  to  the  neighbouring  buildings. 

The  work  was  commenccf!  at  the  right-hand  press,  the  boat-cradle 
being  secured  at  its  highest  level  by  means  of  two  supporting  girders 
of  40  metres  in  depth ;  the  piston  wa-s  disconnected  ;  and  twenty  bore- 
holes arranged  on  a  circle  of  6-307  metres  in  diameter,  or  99  centi- 
metres apart,  and  one  placed  centrally,  were  provided  for  freezing. 
These  bore-holes  were  about  2  metres  deeper  than  the  bottom  of  the 

;mew  foundation,  and  lined  with  lubes  of  150  milHmetres  in  bore  and  of 

'5  millimetres  in  thickness,  formed  of  steel.     The  freeiing  tubes  were 

likewise  of  steel  and  125  millimetres  in  diameter,  and  the  inside  brine 

ipply  pipes  of  iron  and  33  millimetres  in  diameter ;  the  collecting  rings 


supply  pipes  ol  iron  and  33  millimetres  in  iiiameter ;  ine  coueccmg  rings         , 
were  of  100  millimetres  bore  by  5050  metres  diameter  on  the  admis-       M 

£7  metres  diameter  on  the  return  circuit,  fl 

midt  does  not  think  that  the  methods  of  working  proposed     H 
i 
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by  Mr.  Gobert  and  Mr.  Kfwh  are  likely  to  afford  as  favourable  resulls 
as  are  obta.inable  by  the  original  method.  The  first  of  these  gentlemen 
proposes  to  volatilise  the  liquefied  ammonia  in  the  freezing  citxruits; 
and  the  latter  depends  entirely  upon  gaseous  expansion. 

The  paper  also  contains  descriptions  of  the  combineij  method  of 
freezing  and  fire-setting  in  frozen  ground  used  for  prospecting  for 
gold  in  the  alluvial  deposits  of  the  Siberian  rivers  during  the  winter. 

The  following  extracts  are  taken  frorn  an  account  of  Mr.  Gohert's 
system*  given  in  "  The  Colliery  Manager's  Handbook  "  : — 

This  is  a  modification  of  the  Poetsch  congelation  method,  and  is 
specially  applicable  to  the  sinking  of  shafts  through  shifting  sands 
and  water-bearing  strata. 

Fig.  291  is  a  vertical  section  and  i-'ig.  29^  a  plan  showing  the 
refrigerating  plant  and  the  shaft  to  be  sunk,  the  two  being  as  near 
each  other  as  possible,  and  the  shaft  being  Hghlly  roofed  over  as  a 
protection  from  the  weather.  The  pfiwer  of  the  steam  engine  required 
varies  with  the  diameter  and  depth  of  the  shaft  to  be  sunk,  and  need 
not  exceed  40  horse-power  imless  the  shaft  is  deep.  The  iteara  engine 
and  compressor  are  placed  horizontally  side  by  side,  and  connected  to 
the  same  shaft,  with  a  fly-wheel  and  pulley  for  belting  between  them. 

Liquid  ammonia  is  forced  by  the  compressor  through  the  series  of 
wrought-iron  tubes  of  the  condenser,  first  to  the  reser^'oir,  which  acts 
as  a  kind  of  governor,  and  then  by  the  lower  of  the  two  pipes  seen  in 
the  vertical  section  to  the  s>siem  of  congelation  tubes  round  the  shaft. 
Great  heat  results  from  corapres.sing  the  gaseous  into  liquid  ammonia, 
and  in  order  to  abstract  it,  the  condensers  have  a  relatively  large 
surface,  and  cold  water  is  caused  to  circulate  freely  round  them. 
This  water  is  kept  in  a  state  of  agitation  by  means  of  the  small  water 
wheels  with  floats,  shown  in  the  drawings,  driven  by  belts  off  the  pulley 
on  the  main  shaft. 

The  machinwy,  by  means  of  the  upper  of  the  two  pipes  seen  in 
the  vertical  .section,  exhausts  gaseous  ammonia  from  the  congelation 
tubes,  sunk  vertically  beneath  the  surface  of  the  earth  round  the  site  i>( 
the  shaft,  and  forces  it,  condensed  into  a  liquid  form,  first  through  the 
apparatus  for  separating  the  oil  (see  Fig.  291),  and  then  into  the 
condenser. 

The  compressor  piston  is  freely  lubricated  with  mineral  oil,  and 
some  of  the  ammonia  comes  into  contact  with  and  is  absorbed  by 

•  For  further  descriiilion  ami  Uliistration  .11  Iht  system  sec  "The  Collierj' 
MatiaEer's  Hflndbook,"  by  Caleb  Pamely,  M.E.,  piiblished  by  Crosby  Lotkworti 
and  Son,  London. 
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it.     The  mixture  might  choke  the  tubes  of  the  condenserB,  and  pos- 
sibly even  reach  the  congealing  tubes,  if  the  two  substances  were  not 


separated.  This  is  effected  chiefly  by  the  oil-separator,  but,  as  an 
additional  precaution  a  space  is  provided  at  the  bottom  of  each 
congelation  tube  for  the  reception  of  any  oil  that  may  be  carried 
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there.  The  nil  retained  in  the  separator  is  nf)t  effeftunlly  separated 
from  the  ammonia,  but  is  sllghtiv  mixed  with  it;  this  ammonia,  how- 
ever, is  recovered  in  the  pnrifier,  where  it  ii  dr^en  off  hv  distillation. 


The  distillation  is  effected  by  means  of  a  worm  through  which  steam 
from  the  boiler  circulates;  the  ammonia  vapour  is  led  by  a  small 
curved  pipe,  seen  in  Fig.  291,  into  the  main  pipe,  leading  the  gaseous 
ammonia  from  the  shaft  to  the  compressor. 


CONSTRUCTIONAL   APPLICATIONS.  411 

Over  the  centre  of  the  area  [orming  the  intended  shaft  are  two 
pipe-rings,  the  lower  of  which  is  in  connection  with  the  ingoing  pipe, 
and  receives  the  liquid  ammonia,  and  afterwards  distributes  it  by  the 
radial  pipes  to  the  vertical  congelation  pipes  sunk  in  a  circle  below  the 
surface  of  the  earth.  The  upper  ring  is  in  connection  with  the  return 
pipe,  and  forms  a  receiver  for  the  collection  of  the  gaseous  ammonia 
from  separate  orifices  in  the  same  congelation  tubes  after  it  has  by 
evaporation  in  these  tubes  produced  the  desired  refrigerating  effect. 
The  gaseous  ammonia  is  drawn  from  the  upper  ring  pipe  to  the  cc«i- 
denser  through  the  return  pipe. 

The  liquid  ammonia  is  not  allowed  to  fall  to  the  bottom  of  the  tube 
and  collect  in  a  mass,  but  in  order  to  cause  the  evaporation  of  the 
greatest  possible  amount  of  liquid  in  a  given  space  of  time,  the  small 
pipe  for  leading  the  freeaing  liquid  through  the  tube  is  made  to  assume 
either  a  wa%"y  or  a  spiral  form,  as  shown  in  Figs.  293  and  294,  in 
which  A  represents  the  congealing  tube,  b  the  pipe  for  leading  the  freez- 
ing liquid,  and  c  small  holes  for  allowing  the  liquid  to  escape  into  the 
tube,  at  points  more  or  less  frequent,  as  may  be  desired.  The  injecting 
pipe  is  led  down  nearly  but  not  quite  to  the  bottom  of  the  congealing 
tube,  and  both  pipe  and  tube  are  closed  at  the  bottom.  The  entrance  of 
the  congealing  liquid  into  the  injecting  pipe  is  carefully  regulated,  and 
descends  slowly  in  a  thin  stream,  the  flow  bring  retarded  by  the  waves 
or  spirals,  and  giving  up  a  part  of  itself  at  intervals. 

The  source  of  heat  necessary  for  evaporating  the  liquid  is  the 
higher  temperature  of  the  surrounding  strata,  and  this  heat  passes  not 
only  through  the  thickness  of  the  congealing  tube,  but  also  across  the 
frozen  wall  which  soon  surrounds  it.  By  this  arrangement  the  liquid 
to  be  evaporated  escapes  into  the  congealing  tube  at  all  depths  simul- 
taneously, and  the  whole  source  of  heat  available  is  thus  utilised  at  the 
same  time  for  evaporating  the  free«ing  liquid.  In  other  words,  the 
refrigeration  is  effected  simultaneously  at  all  points. 

The  diameter,  number,  and  arrangement  of  the  holes  in  the  in- 
jecting pipe,  and  also  the  pitch  of  the  spirals  or  undulations,  are 
varieii  in  accordance  with  the  depth  in  order  to  produce  a  greater 
freezing  effect  at  special  points,  or  a  uniform  freezing,  in  accordance 
with  the  requirements.  A  congelation  may  therefore  be  arranged  to 
have  the  frozen  column  of  larger  diameter  at  the  bottom  than  at 
the  top,  on  the  supposition  that  the  measures  are  of  uniform  con- 
sistency, in  order  that  its  stability  may  be  maintained  while  the  shaft 
is  being  sunk  through  it. 

The  arrows  in  Figs.  291  and  292  show  the  course  of  the  ammonia 
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Fig,  aij3.  Fig.  i')4-  F'S-  »95' 

Gobert  Congdation^Melhod  of  Sinking. Shafts.     Details  of  Coostniction. 
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in  its  passage,  as  a  liquid,  from  the  compressur  to  the  condensers, 
and  then  on  to  the  congelation  tubes,  and  also  its  return,  in  a  gaseous 
state,  from  the  congelation  tubes  ti>  the  cumpressor,  to  be  again 
liquefied,  and  so  on.  The  same  ammonia  serves  indefinitely,  with 
the  addition  of  a  small  quantity  to  compensate  for  waste. 

The  process  requires  a  large  quantity  of  cold  water  for  use  at  the 
condensers,  but  this  must  not  be  drawn  from  any  point  so  near  the 
site  of  the  shaft  as  to  create  a  current,  which  might  oppose  and  retard 
the  congelation  by  licking  or  washing  the  congelation  tubes,  thus 
depriving  them  of  their  refrigerating  effei-'t,  which  would  be  carried 
away  instead  of  going  into  the  surrounding  sand. 

When  the  wet  sand  or  loose  material  has  been  frozen  round  the 
tubes,  sinking  may  be  commenced  with  a  small  windlass  placed 
between  the  collecting  and  distributing  rings  and  the  circumference 
of  the  circle  of  congelation  tubes.  The  men  enter,  and  the  excavated 
material  is  removed,  laterally,  near  the  surface,  between  two  congela- 
tion tubes,  where  also  access  is  obtained  for  the  segments  of  tubbing. 

More  important  winding  apparatus  must  of  course  replace  the 
windlass  when  the  sinking  has  reached  a  depth  of  two  or  three 
fathoms ;  then,  if  the  arrangenients  have  been  made  judiciously  and 
due  precautions  taken,  the  frozen  mass  will  be  so  large  as  to  require 
slighter  refrigerating  power  to  maintain  it  than  that  required  for  its 
production.  This  allows  of  the  removal  of  one  or  two  radial  pipes 
for  distributing  the  ammonia  in  order  to  allow  of  more  space  for  the 
working  of  a  winding  engine. 

A  great  advantage  claimed  for  the  Gobert  modification  is  that  if 
the  congelation  tube  be  siurounded  with  water  and  there  be  a  defective 
joint,  the  water  will  simply  enter  the  tube,  on  account  of  the  pressure 
therein  being  less  than  that  outside.  If  such  an  accident  occurs  at 
all  it  is  usually  after  congelation  has  proceeiled  for  some  time  and  the 
tube  is  already  surrounded  with  ice;  there  will  then  be  no  interruption 
in  the  work.  The  liquid  ammonia  always  enters  the  tubes  at  a  tem- 
perature above  freezing  point,  and  in  practice  varies  from  between 
20'  and  35''  Cent.  (68-  to  95"  Fahr.).  The  cold  produced  is  due  to 
the  liquid  ammonia  becoming  \'olatilised  in  the  tubes. 

It  is  of  course  impossible  to  entirely  guard  against  leaky  joints. 
The  thrust  of  the  superincumbent  measures  severely  tries  them,  but 
special  attention  has  been  given  to  the  design  of  the  joints  in  order 
to  increase  their  power  to  resist  the  strains  to  which  they  may  be 
subjected.  The  method  of  connecting  the  ends  of  congelation  tubes 
has  been  by  screwing  one  end  into  another   without  internal  sockets. 
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The  thinning  of  these  tubes  at  the  joints  frequently  causes  them  to 
break  in  bdng  withdrawn  from  the  ground. 

The  form  of  joint  used  by  Mr.  Gobert  is  shown  in  Fig.  295.  Its 
chief  feature  is  an  internal  collar,  or  ring,  shown  by  crossed  hatchings  in 
the  section.  This  collar  has  an  outside  tlange  of  the  same  outside  diameter 
as  that  of  the  tubes  which  it  ser\-es  to  connect.  The  flange  is  undercut 
i>n  both  sides  so  as  to  be  of  dovetailed  section.  Each  end  of  a  tube 
is  also  bevelled  or  curved  off  so  as  to  afford  with  the  collar  flange 
a  groove  wider  inside  than  out,  holding  and  compressing  the  lead 
ring  or  washer  instead  of  forcing  it  outwards,  thus  affording  an  abso- 
lutely tight  joint  when  the  ends  of  the  tubes  are  screwed  on  to  the 
collar.  In  some  cases,  especially  for  joining  the  smaller  size  of  tubes, 
the  internal  collar  is  made  without  a  flange,  and  then  only  one  lead 
washer  is  used  placed  between  the  ends  of  the  tubes,  which  must  be 
bevelled  and  curved  just  the  same  as  when  the  collar  is  flanged. 
On  the  tubes  being  screwed  up,  they  squeeze  the  washet  between  them, 
just  as  the  gland  of  a  stufGng  box  compresses  the  packing.  The  outer 
lines  of  the  section.  Fig  295,  shows  the  form  and  extent  lo  which  1 
tube  was  covered  with  ice  after  having  been  immersed  for  32  hours  io 
a  tank  filled  with  waterj  the  ice  weighed  62  kilogs.  (137  lbs.)  at  the  Mid 
of  the  operation.  If  the  tube  had  been  immersed  in  wet  sand  instead 
of  clear  water,  the  congelation  would  have  been  more  rapid.  One  of 
the  two  smaller  tubes  shown  at  the  top  of  the  congelation  tube  sert'e* 
to  introduce  the  liquid  ammonia,  while  the  other  carries  off  the  gas  to 
the  upper  ring-pipe. 

Instead  of  ammonia,  any  other  liquid  susceptible  of  easily  assuming' 
the  gaseous  state,  such  as  liquid  carbonic  add  or  liquid  anhydrous 
sulphurous  acid,  may  be  employed  with  3  suitable  modificalion  of  the 


CHAPTER  XVIII. 
ICE-MAKING. 

Various  Methods  of  Ice-Making.— The  Can  System.— The  Wall  or  Plate  System.— 
The  Stationary  Cell  System. — MisceUaneous  Arrangements  for  Making  Clear  or 
Crystal  Ice  by  Agitation. — Holden  System  of  Ice-Making. — Water  De-aerating 
or  Distilling  Apparatus. — Vacuum  System  of  Ice-Making. — Imitation  of  Natural 
System. — Ice  Factories. — Ice  Elevating  and  Conveying  Machinery. — Ice-Making, 
General. — Brine. — Storing  Ice. — Ice-Crushing  or  Breaking  Machinery. 

The  specific  gravity  of  ice  made  from  de-aerated  water  is,  according  to 
De  Mairan,  '926;  its  specific  heat  is  '504;  at  a  temperature  of  32° 
Fahr.  i  cubic  in.  =  '03344915.,  i  cubic  foot  =  57789872  lbs. ;  i  lb.  = 
29896259  cubic  in.,  or  '0174  cubic  ft.  The  equivalent  of  a  ton  of  ice 
is  318,080  thermal  units,*  that  is  to  say,  that  this  is  the  amount  of  heaj 
that  would  be  required  to  convert  i  ton  of  ice  at  a  temperature  of  32° 
Fahr.  into  a  ton  of  water  at  a  temperature  of  32°  Fahr. ;  or,  on  the 
other  hand,  it  is  the  amount  of  heat  that  it  is  necessary  to  extract  from 
I  ton  of  water  at  a  temperature  of  32°  Fahr.  in  order  to  convert  it  into 
a  ton  of  ice  at  a  temperature  of  32°  Fahr.  The  amount  of  heat  that 
would  have  to  be  abstracted  from  a  ton  of  water  at  60°  Fahr.  to  form  a 
ton  of  ice  at  32°  is  382,144  units. 

When  the  manufacture  of  artificial  ice  first  assumed  the  proportions 
of  an  industry  no  great  thought  was  given  to  the  quality  of  the  pro- 
duct, and  consequently  all,  or  the  greater  part,  of  the  ice  so  made  was 
opaque. 

Soon,  however,  a  demand  for  a  superi(jr  article  arose,  and  it  became 
necessary  to  introduce  means  for  the  production  of  clear,  transpaxent, 
crystal  ice;  the  result  being  numerous  inventions  and  patented  devices 
of  more  or  less  efficacy. 

*  A  thermal  unit  is  that  amount  of  heat  necessary  to  raise  the  temperature  ot 
I  lb.  of  water  1°  by  the  Fahrenheit  scale  when  at  39*4'*    Mech.  eq.  778  pounds. 
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The  reason  why  the  blocks  of  ordinary  artificial  ice  are  formed 
ojaque  is  that  the  rapidity  of  the  freezing  process  prevents  the  i 
contained  in  solution  in  the  water  from  escaping,  and  this  opacity  in- 
creases towards  the  centres  uf  ihe  blocks,  and  is  less  in  hot  climatei 
than  in  colder  ones  because  the  quantity  of  air  held  in  the  water  de- 
creases as  its  temperature  is  raised.  Not  only  is  thb  opacity  objec- 
tionable by  reason  of  the  less  pleasing  appearance  of  the  ice,  but  aiso 
on  account  of  the  far  inferior  keeping  quahties  of  the  article. 


^H        [actur 


Vahious  Methods  of  Ice-Making. 

Five  methods  may  be  employed  for  preventing  this  opacity  and 
forming  clear,  transparent,  cr)stal  ice,  viz.,  by  freezing  the  water  slowly 
at  comparatively  high  temperatures;  by  agitating  the  water  in  cans, 
moulds,  or  cases  dming  the  process  of  freezing,  so  as  to  admit  of  the 
escape  of  the  contained  or  imprisoned  air;  by  forming  thin  slabs  of 
ice  on  what  is  known  as  the  wall  or  plate  system;  by  freezing  i> 
in  shallow  statinnar\  cells;  and  finally  by  de-aeraling  nr  deprivini;  the 
water  of  its  air  before  placing  it  in  the  moulds  or  cells. 

The  first  of  these  plans,  besides,  at  best,  only  producing  blocks  of 
ice  partially  clear,  was  so  extremely  slow,  and  required  the  use  of  such 
a  large  number  of  cans  or  moulds,  and  correspondingly  large  tanks,  at 
to  thereby  render  the  first  cost  of  the  apparatus  ruinously  high,  and 
it  was  consequently  soon  abandoned  altogether;  a  modification  of  the 
same  method  wherein  the  temperature  of  the  liquid  or  medium  used 
for  abstracting  the  heat  from,  and  freezing  the  water,  was  gradually 
decreased,  having  likewise  experienced  the  same  fate. 

The  second  method,  or  agitation,  can  be  more  or  less  successfully 
carried  out  in  a  number  of  different  ways,  but  has,  likewise,  certain 
drawbacks;  for  instance,  complication  of  mechanism,  increased  first 
cost  of  plant,  etc. 

The  third  aiid  fourth  methods,  or  the  wall  or  plate  and  shallow 
stationary  cell  systems,  are  also  objectionable,  b)'  reason  of  the  ea 
of  the  plant  required  and  the  slowness  of  the  process. 

The  fifth  method  or  that  wherein  the  water  is  first  de-aerated,  that 
is  to  say,  the  air  is  expelled  from  the  water  before  it  is  placed  in  the 
cans,  moulds,  or  cases,  is,  all  things  considered,  perhaps  the  most 
satisfactory,  and  is  in  extensive  use  in  many  works  where  large  quanti- 
ties of  ice  are  made. 

As  the  refrigeration  of  cold  stores  or  chambers,  so  also  the  manu- 
facture of  ice  with  modem  machines  may  be  divided  into  two  main 
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systems,  that  U  to  say,  Ihe  one  wherein  brine  pret'iously  reduced  in 
temperature  in  the  cooler  or  refrigerator  of  the  machine  is  used  for' 
freezing  the  water,  and  the  other  wherein  the  said  freezing  or  congela- 
tion is  effected  by  the  direct  expansion  of  the  rrfrigeraling  agent. 

It  will  be  readily  seen  that  the  latter  system  enables  a  very  con- 
siderable amount  of  apparatus,  essential  in  the  tirst,  to  be  ^itirely  dis- 
jjensed  with ;  jirevents  the  loss  of  efficiencv  due  to  a  second  trans- 
mission oi  heat ;  and,  moreover,  avoids  the  mess  and  inconvenience  so 
frequently  occasioned  by  a  careless  or  unskilful  use  of  the  brine  solution. 

Much  greater  difficuhies,  however,  hB\e  to  he  surmounted  before 
the  direct  expansion  system  can  be  successfully  applieil  to  ice-making, 
than  is  the  case  with  the  cooling  or  refrigerating  of  cold  stores  or 
chambers.  In  the  latter,  indeed,  all  that  is  required  to  ensure  com- 
plete success  is  a  perfectly  gas-light  system  of  pipes,  and  as  a  pipe  r-.f 
no  lery  great  diameter  forms  the  safest,  surest,  and  least  expensive 
method  of  imprisoning  or  confining  a  gas  of  a  searching  nature,  it  con- 
sequently follows  that  no  insurmountable  difficulty  is  here  experienced. 
Hut  the  freezing  or  congelation  of  water  is  quite  another  matter,  and 
requires  straight  surfaces,  as  it  is  not  only  very  difficult  to  rem<:jve  the 
ice  that  becomes  formed  round  pipes,  but  a  very  considerable  portion 
of  it  is  also  wasted  in  so  doing.  Hitherto  attempts  to  construct  straight 
surfaces  with  sufficiently  gas-tight  joints  have  proved  more  or  less  a 
failure. 

Amongst  the  numerous  diffeient  methods  devised  for  agitating  the 
water  whilst  it  is  freezing,  mention  may  be  made  of  the  following: — 
The  insertion  into  the  can  or  case  of  a  metal  or  other  bar  which  has  im- 
parled to  it  a  vertical  reciprocating  motion  through  a  revolving  shaft 
and  cam  or  wiper,  or  bj  a  crank  on  the  shaft,  or  the  placing  in  the 
can  or  case  of  a  wooden  or  other  paddle  which  is  moved  to  and 
fro,  or  of  an  emliess  screw  or  spiral  which  is  rotated  by  any  suitable 
mechanism.  The  introdticliftn  into  the  can  or  case  of  a  pipe  extending 
to  within  a  short  distance  of  the  bottom  therefjf,  and  through  which  a 
current  of  cold  air  is  forced,  which  rising  in  bubbles  through  the 
water,  produces  a  circulation  in  the  latter.  The  imparting  of  a  rocking 
or  oscillating  motion  lo  the  can  or  case  itself  during  the  freezing 
operation. 

The  main  objection  to  those  arrangements  wherein  some  form  of 
agitator,  or  the  above-mentioned  air  tube,  is  inserted  into  the  can  or 
case,  is  the  necessity  for  withdrawing  them,  at  or  near  the  termination 
of  the  freezing  operation,  to  prevent  them  from  being  frozen  into  the 
blocks  of  ice. 
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In  the  last-named  melho.],  the  gear  for  imparting  motion  to  a  large 
number  of  cans  or  cases  is  found  to  be  exceedingly  cumbersome,  and 
has  besides  to  be  disconnected,  to  allow  of  their  being  lifted  from  the 
ice-making  tank  or  cistern  to  remove  the  finished  blocks  of  ice  there- 
from. 

The  Can  System. 

Fig.  296  shows  a  patented  airajigement  of  Pontifex  and  Wood's 
for  making  clear  or  transparenc  p>Tamids  of  ice  suitable  for  table 
decoration,  etc.  The  ice-making  box  or  tank  a  is  formed  of  iron, 
the  intervening  space  is  filled  with  sawdust.  The 
ice-moulds  or  cases  b  are  made  of  galvanised 
wrought-iron,  and  are  of  a  suitable  pyramid- 
ical  form ;  and  the  agitators  c  conKst  of 
spirals  or  endless  screws,  wTiich  are  kept  con- 
stantly revolving,  during  the  freezing  (rf  the 
block,  by  gut  or  othw  bands  d,  gearing  on 
pulleys  E,  fixed  upon  the  vertical  spindlet 
carrying  the  said  spirals  or  endless  screwy 
and  upon  a  horizontal  shaft  f,  supported  in 
bearings  in  brackets  secured  to  the  side  of  the 
7    —  tank,  to   which   latter  shaft  rotary   motion  ii 

0^  imparted  through  belt  gearing  from  any  avail- 

able source  of  power,  as  is  very  clearly  shown 
in  the  drawing.  When  the  block  is  neaiiy 
frozen  solid  ihe  agitators  must  be  withdrawOi 
for  which  purpose  the  brackets  canying  tlM 
sjriral,  or  endless  screws,  are  so  secured  to  the  tank  as  to  be  rcadi^ 
removable  therefrom. 

By  arresting  the  freezing  action  before  the  block  is  frozen  quiM 
solid  the  central  hollow  can  be  filled  up  with  fruit,  flowers,  or  othei 
objects,  and  afterwards  the  congelation  completed,  thus  producing  v 
beautiful  effects. 

Fig.  297  is  a  perspective  view  showing  a  can  ice-box  with  agitaloq 
which  is  the  oldest  and  simplest  method  erf  making  clear  or  crysO 
ice.  The  construction  of  the  apparatus,  which  is  of  tl 
Ponlifex-Wood  improved  type,  will  be  very  readily  apparent  froa 
the  drawing.  The  agitators  C,  which  are  very  readily  removable 
are  operated  through  rods  running  upon  rollers,  to  » 
rods  a  reciprocating  motion  is  imparted  from  a  Kk 
shaft    G,     mounted     at    one    end    of    the    tank,     through     suitabi 


Fig.  296. — i'jTainid  Icc- 
Making  Box  or  Tank. 
Vcrtiail  Section. 
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connecting-rods.  The  ice-making  tank  a  is  similar  in  const  met  ion  to 
that  shown  in  Fig.  296,  but  is  of  larger  dimensions,  and  is  filled  with 
brine,  a  circulation  of  which  is  kept  up  from  the  coils  of  pipes  in 
the  cooler  of  the  refrigerating  machine  l.iy  a  brine-pump,  in  the  usual 
manner.  The  ice-cans  or  moulds  b  are  formed  of  galvanised  iron, 
ami  the  blades  of  the  agitators  c  are  of  wood.  To  remove  the  finished 
iilocks  of  ice  from  the  moulds  or  cans  they  are  dippeil  for  a  few 
seconds  in  a  tank  containing  warm  water,  which  may  be  derived  from 
that  running  to  waste  from  any  convenient  source.  The  sizes  of  the 
blocks  of  ice  made,  vary  from  2  ft.  x  i  ft.  X  6  in.  in  thickness  up  to 
3  ft.  6  in.  X  3  ft.  6  in.  x  12  in.  in  thickness,  and  in  weight  from 
r  cwt.  up  to  6  cwts.,  according  to  the  dimen.sions  of  the  cans  employetl. 
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t'ig.  398  is  a  vertical  longitudinal  section  showing  the  "  Eclipse  " 
can  ice-box,  made  by  the  Frick  Co.  The  interior  airangement  of  the 
trunk  and  ammi.mia  evaporating  pipes  or  coils,  ice-moulds  or  cans, 
frame  work  for  holding  the  cans  in  position,  with  the  wooden  covers, 
are  all  clearly  shown  in  the  engraving. 

Puplett's  agitators  for  liberating  the  air  from  the  water  during 
;ing  are  also  reciprocated  by  crank  mechanism.  They  ate,  more- 
iged  that  as  the  ice  grows,  and  it  becomes  necessary  or 
desirable  to  reduce  the  width  of  the  paddles  or  agitator-blades,  the 
latter  can  be  feathered  by  giving  them  a  quarter-turn  in  +  shaped 
slots. 

This  system  of  making  clear,  crj'stal,  transparent  ice  has,  as  already 
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statevl,  several  objectionalile  features,  which  may  shortly  be  summed  up 
as  [ullows: — 

The  hiailes  of  the  agitators  occupying  the  centres  of  the  cans 
moulds  whilst  the  blocks  are  freezing,  have  to  be  withdrawn  at  the 
finish,  in  order  tii  prevent  their  becoming  fro/en  into  the  blocks,  conse- 
quently the  spaces  occupied  by  them  iluring  their  traverse  have  to  be 
congealed  without  agitation,  with  the  result  that  each  block  has  3. 
narrow  core  of  semi-transparent  or  almost  opaque  ice  in  the  centre, 
which,  to  a  slight  degree,  spoils  its  appearance,  although  the  keefung 
qualities    of    the    ice    are    not    affecte<l    therd»y.     If,    however,    any 


impurities  are  contained  in  the  water  the>'  become  frozen  up  in  the 
blocks  and  show  through  them,  to  the  considerable  detriment  of  theii 
appearance. 

The  unavoidable  freezing  of  the  blocks  at  different  speeds  fre- 
quently results,  with  careless  watching,  in  some  of  the  agitator  blades 
or  paddles  getting  frozen  in  prematurely,  and  broken  off.  The  cans  or 
moulds  are  sometimes  lilletl  U>l>  full  of  water,  which,  in  consequence 
of  the  expansion  due  to  freezing,  runs  over  into  the  brine  solution  ami 
ililutes  it,  in  some  cases  to  such  an  extent  as  to  cause  it  to  freeze  or 
congeal  at  the  ordinary-  working  temperature  of  the  machine. 

The  adclitiuiial  weight  of  the  cans  or  moulds  which  have  to  be 
lifted  with  the  blocks  ol  ice  entails  an  extra  expenditure  of  labour,  and 
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the  constant  handling  thereof  renders  their  lives  short,  and  necessitates 
a  large  stock,  and  frequent  repairs  and  renewals. 

To  obviate  the  first  of  these  objections,  wooden  frames  have 
been  sometimes  placed  in  the  centres  of  the  moulds  or  cans,  inside 
which  the  agitators  are  adapted  to  work,  a  block  of  ice  being  frozen 
up  at  each  end.  This  however,  gives  rise  to  further  serious  objections, 
the  wooden  frames  having  to  be  removed  from  the  moulds  or  cans 
with  the  ice  blocks,  detached  therefrom  by  means  of  chisels,  and 
again  replaced  in  the  moulds,  and  a  certain  quantity  of  dirty  water  has 
moreover  to  be  pumped  out  of  each  of  the  latter  before  the  with- 
drawal of  the  ice  block  and  frame  therefrom,  both  of  which  operations 
entail  much  additional  labour.  The  unequal  rate  of  freezing  of  the 
blocks  causes  some  of  them  to  come  out  of  an  uneven  shape  and 
under  their  proper  weight,  owing  to  the  large  holes  in  their  centres. 

Every  apparatus  for  making  ice  on  this  system  should  be  fitted  with 
an  arrangement  for  automatically  supplying  to  each  can  or  mould  a 
sufficient  predetermined  charge,  and  no  more.  In  the  absence  of  this, 
however,  a  gauge  should  be  used,  and  the  greatest  care  in  filling  the 
cans  should  be  exercised.  The  moulds  or  cans  should  not  be  filled  to 
more  than  within  6  in.  of  the  top. 

On  the  other  hand,  again,  the  can  system  has  several  well-defined 
advantages  which  certainly  deserve  full  consideration.  For  instance, 
the  first  cost  of  the  simple  apparatus  is  low  as  compared  to  many 
others ;  the  blocks  of  ice  produced  being,  as  a  rule,  of  an  uniform  given 
size  and  weight,  the  necessity  for  weighing  them  is  dispensed  with,  and 
they  are  very  convenient  to  load  and  pack ;  should  a  can  become  leaky 
it  can  be  placed  on  one  side  for  repairs  and  a  spare  one  inserted  in  its 
place  without  delay;  and,  lastly,  the  construction  of  ever)'  part  of  the 
apparatus  is  so  simple  that  it  can  be  made  or  repaired  by  any  ordinary 
engineer  without  special  knowledge  of  ice-making  machinery. 

The  cold  brine  in  the  ice-making  tank  or  box  is  circulated  or  agi- 
tated by  means  of  a  duplex,  centrifugal,  or  other  suitable  pump,  or  by 
means  of  a  propeller.  The  latter,  one  form  of  which,  made  by  the 
"  Triumph"  Machine  Company,  is  shown  in  Fig.  299,  is  the  cheapest 
arrangement,  and  is  sufficiently  effective.  The  shaft  of  the  above  pro- 
peller is  made  of  the  best  bronze  metal,  with  three  bearings  fitted  with 
ring  oilers.  The  bearings  are  of  double-brace  make.  This  propeller 
may  be  operated  by  belt-gearing  from  a  small  engine,  or  by  an  elec- 
tric motor,  or  any  other  available  source  of  power. 

Fig.  300  is  a  brine  strainer  of  a  pattern  made  by  the  Frick  Com- 
pany, and  the  construction  of  which  is  obvious  from  the  drawing 
wbicb  shows  it  in  vertical  central  section. 
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Many  ingenious,  but  mostly  conipiicated  and  expensive,  mechanical 

'  arrangements  have  been  also  Jevised  for  facilitating  the  handling  of  the 

cans  or  moulds,  and  so  lessening  the  labour  of  moving  them,  a  briel 


description  of  some  of  the  best  and  simplest  of  which  will  be  found  at 
the  end  of  this  chapter. 

In  1885  Carl  Linde  patented  an  invwition  designed  to  overcome  the 
objection  to  having  to  remove  the  agitators  when  the  freezing  of  the 
blocks  of  ice  is  nearly  completed,  by  providing  suitalile  means  wherdiy 


Fig.  300. —  Brine  S; 


^'eilica!  Central  Sectioo. 


a  horizontal  flow  i.>f  water  is  determined  throughout  the  whole  depth 
of  the  mould  from  one  end  to  the  other  daring  congelation,  by  external 
mechanism. 

The  Wall  or  Plate  System. 
In  the  plate  or  wall  system,  which  was  invented  by  Twining  and 
Harnson,  in  1850 — 1856,  one  or  more  hollow  or  cellular  plates,  or 
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walls,  of  sheet  ot  cast-iron  are  fixed  in  a  properly  insulated  tank,  which 
contains  Ae  fresh  water  to  be  frozen,  and  a  circulation  of  cold  brine  is 
kept  up  through  these  hollow  plates  or  walls.  The  brine  is  either 
cooled  in  a  brine-cooler  or  refrigerator  by  evaporating  coils  connected 
to  the  gas-pump  m  compressor,  in  the  case  of  an  ammonia  compression 
machine,  or  to  the  absorber  in  an  ammonia  absorption  machine,  in  the 
usual  or  ordinary  manner;  or  the  refrigerating  coils  may  be  placed 
within  the  hollow  or  cellular  walls  or  plates  themselves.  \n  a  short 
time  ice  will  begin  to  form  on  both  sides  of  the  plate,  and  layers  of  ice 
become  gradually  built  up  thereon.  To  remove  these  layers  or  slabs 
of  ice,  the  cold  brine  is  withdrawn,  and  warm  or  tepid  brine  passed  into 


Fif.  301. --Box 

the  hollow  or  cellular  plates  or  wails,  wheni  the  slabs  are  melted  or 
thawed  off  and  detached  therefrom. 

In  Fig.  301  is  illustrated  an  improved  ice-making  tank  or  box  on 
the  wall  or  plate  system,  also  designed  by  Pontifex  and  Wood.  The 
construction  and  (Operation  of  an  apparatus  of  this  type  has  been 
already  briefly  described  at  the  commencement  of  this  chapter.  The 
hollow  or  cellular  walls  li,  which  are  formed  of  galvanised  iron,  are,  as 
will  be  seen  from  the  drawing,  fixei.l  vertically  to  the  hollow  cast-iron 
ends  of  the  tank  a.  The  agitators  C  are  similar  in  construction  to  those 
shown  in  Fig.  246,  and  aie  reciprocated  in  a  like  manner.  The  cold 
brine  is  circulateil  through  the  hollow  ends  and  hollow  or  cellular  walls, 
and  suitable  cocks  and  connections  are  p«nid«l  which  admit,  when  the 
feezing  is  finished,  of  the  cold  brine  being  completely  drained  out  of 
hollow   or  cellular   walls   into   the  cold   brine    tank,    and    warm 


K,  the   hollow 
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brine  beinp  introduced,  by  a  small  pump,  from  a  warm  brine  tank 
heated  by  a  coil  of  pipes,  so  as  to  melt  or  thaw  the  ice  slabs  off  the 
walls  or  plates,  and  leave  them  ready  for  removaL 

The  hollow  or  cellular  walls  are,  moreover,  so  constriicted  as  not 
to  reach  quite  to  the  bottom  of  the  ice-making  lank,  and  in  this  space 
ail  the  impurities  voided  by  the  water  settle.  The  freezing  is  gene- 
rally coniinued  until  the  slabs  of  ice  extend  lo  within  a  quarter  of  an. 
inch  of  the  blades  of  the  agitators,  when  the  cwld  brine  is  shut  off  and 
turned  on  to  another  lank  fnm  which  the  ice  has  been  just  removed. 

The  agitators  are  lifted  out,  and  the  slaljs  trf  ice,  which  when  melted 
off  the  walls  or  plates  are  generally  14  fL  in  length,  3  ft,  in  depth, 
and  from  6  to  10  in.  in  thickness,  are  sawn  into  convenient  lengths,  and 
raised  from  the  surplus  water  in  the  ice-making  tank,  in  which  they 
remained  floating,  by  means  of  an  overhea'l  traveller,  by  which  ihey 
are  deposiieil,  either  directly  into  a  cart  for  removal,  or  upon  a  plat- 
form from  which  they  are  dragged  or  otherwise  delivered  into  ihe  ice 
store.  When  the  slabs  are  detached  from  the  walls  or  plates,  the  hot 
brine  is  shut  off  and  completely  drained  out  of  the  latter,  the  water 
again  filled  up  to  the  usual  level,  the  agitators  are  replaced,  and  the 
circulation  of  cold  brine  is  again  turned  on. 

The  water  must  be  entirely  run  out  of  the  lank  about  once  every 
week,  and  the  sediment  and  dirt  at  the  bottom  thoroughly  cleared  out. 

The  most  recent  method  adopted  by  the  Pulsometer  Engineering 
Company.  Limited,  is  an  arrangesnent  for  the  prtxluction  of  ice 
on  the  direct  expansion  system.  In  this  ihe  freezing  coils 
are  covered  by  two  plates  immersed  in  the  water  to  be 
frozen,  the  liquid  ammonia  is  allowed  to  expand  in  the 
freezing  coils,  and  the  ice  is  formed  on  the  surfaces  of  the  plates. 
The  releasing  or  thawing-off  of  the  ice  is  effected  by  allowing  the 
hot  gas  from  the  condenser  to  flow  into  the  coils.  The  ice  produced 
by  this  system  is  generally  8  in.  thick  and  8  ft.  by  6  ft,,  but  can 
easily  be  made  up  to  blocks  17  ins.  by  8  ft.  by  6  ft. 

The  quality  of  the  ice  produced  by  this  latter  method  is  said  by 
the  makers  to  more  nearly  resemble  the  finest  quality  of  Norway  ice 
than  anything  else  yet  fwoduced,  and  owing  to  there  only  being  one 
transfer  of  heal  the  economy  is  increased. 

The  syslem  of  pipes,  valves,  anil  receivers  are  made  of  wrought-iron 
or  wrought -steel,  no  cast-iron  or  cast-steel  being  employed  on  account 
of  the  ilanger  involveil  by  the  use  of  these  materials.  The  pipe  joints 
are  of  an  improveii  type,  being  remarkably  simple  and  perfectly  gas- 
tight.     With  the  object  of  getting  over  the  trouble  caused  by  coil 


ICE-MAKING.  425 

condensers  and  refrigerators  becoming  blocked  with  oil,  an  arrange- 
ment is  provided  whereby  the  oil  can  easily  and  certainly  be  withdrawn 
from  the  machine,  thus  keeping  the  coils  clean. 

The  ice  generally  made  by  this  class  of  apparatus  is  of  very 
superior  quality,  being  of  great  purity,  and  of  a  most  attractive,  bril- 
liant, clear  appearance,  and  it  is  in  great  demand  for  use  in  restaurants, 
clubs,  etc.,  fetching  a  higher  price  than  other  makes. 

There  are,  however,  certain  drawbacks  to  its  use,  the  principal  one 
of  which  is,  that  the  ice  cannot  be  obtained  in  blocks  of  uniform  size 
and  weight  without  an  expenditure  of  considerable  labour  in  cutting 
them  into  shape.  In  case  of  any  necessity  for  repairs  arising,  more- 
over, the  whole  of  one  of  the  ice-making  tanks  or  boxes  has  to  be  shut 
oflF,  and  is  thrown  out  of  use. 

The  plate  or  wall  system,  besides,  is  necessarily  very  slow,  from  the 
fact  of  the  freezing  process  going  on  on  one  side  only,  instead  of  from 
four  opposite  sides  conjointly,  as  in  the  can  system,  wherein  the  four 
surfaces  growing  gradually  together  in  the  centre  finally  unite  into  a 
solid  block  of  ice  the  width  of  the  can.  If,  therefore,  a  slab  or  block 
of  ice  of  an  equal  thickness  is  to  be  formed  on  a  plate  or  wall  con- 
gealing only  from  one  side,  the  time  occupied  in  freezing  it  will  be 
quadrupled. 

The  advantages  over  the  can  system  may  be  enumerated  as  fol- 
lows : — The  ice  made  is,  as  above  mentioned,  of  a  very  superior 
quality.  The  liability  of  any  of  the  agitator  blades  becoming  frozen 
in,  and  broken  off,  is  very  slight.  Only  the  ice  itself  having  to  be 
handled  the  weight  to  be  manipulated  is  considerably  reduced.  The 
ice-making  tanks  can  be  shut  off  when  the  ice  is  finished,  and  left  until 
it  is  convenient  to  remove  the  ice,  thus  admitting  of  night  shifts  of 
labourers  being  dispensed  with.  Owing  to  there  being  no  parts,  like 
the  movable  cans  or  moulds,  liable  to  rapid  deterioration,  less  expendi- 
ture on  repairs  is  required.  No  possibility  exists  of  the  brine  solution 
being  weakened  by  the  accidental  spilling  of  water  into  it,  as  in  the 
former  system. 

The  Stationary  Cell  System. 

Transparent  ire  is  also  formed  in  deep  cells  provided  with  agitators. 
In  the  latter  case  a  number  of  cellular  or  hollow  walls  of  wrought  or 
cast-iron  are  fixed  in  a  suitably  insulated  tank  or  cistern,  the  water  to 
be  frozen  being  placed  between  these  walls,  and  the  refrigerated 
brine  circulated  through  the  hollow  walls  of  the  cells  therein.    The  ice 
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gradually  fuims  on  the  cutsiHe,  and  increases  in  thickness  until  the  two 
opposite  layers  meet  and  join,  but  the  freezing  may  be  stopped  at  any 
time  and  the  ice  remove'l;  this  latter  operation  can  be  very  con- 
veniently dTected  bv  passing  brine  at  a  higher  temperature  through 
the  cells. 

The  starionaiy  cell  system,  when  employed  to  make  clear  or  trans- 
parent ice  without  agitation,  or  using  water  that  has  been  deprived  of 
its  air,  consists  of  a  number  of  shallow  pan-shaped  cells  having  htJlow 
waJls,  through  which  a  circulation  of  cold  brine  is  kept  up.  The  ice 
^s  removed  therefrom  as  in  the  plate  or  wall  system. 

The  plan  wherein  stationary  cells  are  employed  ccmsists  in  the 
provision  of  fixed  or  stationary  shallow  pans,  or  moulds,  having  hollow 
walls,  the  interi'ening  spaces  being  open  at  the  top.  These  cells  or 
moulds  are  filled  with  water,  and  a  circulation  of  cold  brine  is  passei] 
through-  the  hollow  walls,  and  the  water  frozen,  after  which  the 
cold  brine  is  stopped  off  and  completely  lirainoci  out  of  the  hollow 
walls,  and  warm  brine  is  caused  to  circulate  therethrough,  melting  or 
thawing  off  and  loosening  the  blocks,  which  can  then  be  easily  re- 
moved from  the  cells  or  moulds,  which  are  then  refilled  and  the 
operation  repeated.  In  this  system  an  entire  tank  has  to  be  emptied  at 
once,  as  in  the  platt;  or  wall  system;  therefore,  in  order  to  make  the 
operation  continuous,  at  least  two  tanks  must  be  provided. 

If  the  cells  are  constructei.1  deep  in  proportion  to  their  width,  that  ii 
to  say,  substantially  similar  in  form  to  the  moulds  or  cases  used  in  the 
can  system,  then  the  freezing  or  congealing  of  the  water  will  be  as 
rapid  as  in  the  latter,  hut  agitation,  de-aerated  water,  or  other  means, 
will  have  to  be  useil  if  crystal  ice  is  required.  If,  however,  they  are 
made  shallow,  and  pan-shaped,  then  the  freezing  being  almost  entirely 
done  from  the  bottom  will  be  extremely  slow,  as  it  is  in  the  plate  or  wall 
system,  where  the  formation  of  ice  is  also  effected  upon  one  side  only. 

The  advantage  of  forming  the  cells  shallow  is  that  clear  trans- 
parent crystal  ice  can  be  made  in  them  without  agitation,  or  unng 
water  for  freezing  that  has  been  de-^rated  or  deprived  of  its  air.  The 
slowness  of  freezing  is,  however,  on  the  other  hand,  a  great  drawback, 
and  is  the  chief  objection  to  the  use  of  the  shallow  stationary  cell 
system,  as  the  congelation  of  a  block  of  ice  on  this  plan,  of  equal 
thickness  to  one  formeil  in  a  deep  can  or  mould,  or  in  a  deep  stationai; 
cell,  takes  about  four  times  as  long,  it  is  evident  that  the  apparatus  re- 
quisite for  an  equal  output  must  become  cumbersome  and  expensive. 

Fig.  302  is  a  perspective  view  .showing  a  Pontifex-Wood  patent  cfffl 
Tee-making  tank  or  b"x,  the  main  novel  feature  in  which  is  the  arrangfr" 
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ment  of  [he  agitators  externaJly  to  the  spaces  wht-re  the  blocks  or  slabs 
of  ice  are  formed.  The  apparatus  consists  in  a.  tank  a,  with  a  gal- 
vanised wrought-iron  hollow  or  double-bottom,  two  galvanised  cast- 
iron  hollow  cross  walls  or  partitions  I,  and  a  number  of  short  galvanised 
cast-iron  longitudinal  hollow  walls  J,  fixed  at  right  angles  to  the  c 
walls,  and  so  that  there  is  a  space  or  clearance  left  between 
their  adjacent  ends  in  the  middle  of  the  tank,  and  between  the  other 
ends,  and  the  extremities  of  the  tank,  in  which  open  spaces  are  placed 
the  agitators  c.  The  movements  of  the  latter  give  an  impulse  to  the 
water,  causing  it  to  rush  in  waves  between  the  longitudinal  walls,  and 
wash  out  all  the  impurities  thrown  off  or  voided  by  the  water  during  the 
freezing  process,  which  impurities  settle  at  the  bottom  of  the  open 


l>. 


Fig.  Jfw, — Ponlifc»-Wood  Cell  Ice-making  Tank 


■paces.  In  this  arrangement  the  two  layers  of  ice  gradually  growing 
in  thickness  between  each  two  longitudinal  walls,  at  last  meet  and 
freeze  together,  so  as  to  form  a  solid  block  or  slab  of  ice  of  a  given 
size  and  weight. 

To  remove  the  Mocks  of  ice  they  are  first  loosened  or  melted  off 
in  a  similar  manner  to  that  employeiJ  in  the  ordinary  plate  or  wall 
system,  after  which  ihey  are  gently  started  away  from  the  cross  walls 
tn  enable  the  ice-grips  to  grasp  each  enil,  or  have  loops  frozen  in,  and 
are  then  lifted  out  by  an  overhearl  traveller  ire  the  usual  way. 

The  only  ones  of  the  hereinbefore-mentione<3  objections  to  which 
this  arrangement  seems  open  are,  that,  when  an  ice-making  tank  or  box 
is  in  need  of  any  repairs  it  has  to  be  completely  shut  off.  and  the  capa- 
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citv  of  the  apparatus  is  thus  reduced  for  the  time  being ;  and,  owing 
to  the  space  uccupiei!  by  the  agilaCors  being  lost  for  ice-making  pur- 
poses, [he  size  of  the  apparatus  required  fur  a  given  output  has  nalu- 
raJly  to  be  somewhat  increaseil. 

The  advantages  claimei!  by  the  inventors  are  as  follows : — The 
blocks  of  ice  are  prcniui-e-,!  of  an  uniform  size  and  weight,  and  are  con- 
venient to  manipulate,  load,  and  pack.  The  ice  is  of  superior  purity 
and  appearance,  and  the  slabs  are  of  great  thickness  and  durability. 
There  is  no  liability  to  breakage  of  any  of  the  blades  of  the  agitators. 
There  are  no  cans  or  moulds  to  handle  or  repair.  The  walls  are  6xerl, 
ami  the  general  arrangement  is  of  v«y  great  strength  and  practically 
indestructible.     Only  the  actual  ice  itself  has  to  be  handled,  therefore 


Fig-  303,— HiU's  Method  of  Mahint;  Cleat  or  Crystal  Ice.     Pbn  of  Box  or  Tank. 

less  weight  has  tn  be  moved  in  comparison  with  the  can  system.     No 
cutting  up  and  consequent  waste,  or  weighing  of  the  ice  is  required, 
in  the  wall  or  plate  system.     When  an  ice  tank  or  box  is  finished, 
can  be  shut  off  by  simply  turning  the  cocks,  and  left  till  it  is  ct 
venient  tn  remove  the  ice.     Thus  all  the  tanks  or  boxes  can  be  set  w 
as  to  be  completed  during  the  day,  and  no  night  shift  of  labourers  n 
required.     And,   finally,   the  water   cannot    spill   into   the   brine   anct 
weaken  it,  as  il  does  in  the  can  system,  unless  considerable  care  be 
exercised. 

The  sizes  of  the  blocks  of  ice  made  in  these  boxes  run  from  3  ft 
6  in.  by  3  ft.  6  in.  Iiy  9  in.  in  thickness  up  to  3  ft.  6  in.  by  3  ft.  6  \cu 
by  1  ft.  9  in.  in  ihicknesK,  and  the  weight  likewise  varies  in  a  cone- 
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sponding  ratio  from  about  4J4  cwts.  up  to  ioj4  cwts.  each.  Very 
thick  blocks  are  not,  however,  found  to  be  commercially  successful, 
inasmuch  as  they  take  too  long  a  time  to  freeze  or  congeal. 

Where  clear  ice  is  required  in  blocks  of,  say,  5  cwts.,  the  Pulsometer 
Engineering  Company,  Limited,  use  a  special  form  of  tank,  composed 
of  hollow  cells  forming  squares  the  size  of  the  blocks  required,  the 
water  in  which  is  agitated  during  freezing;  the  result  is  a  block  of  ice 
almost  perfectly  clear,  and  weighing  about  5  cwts. 

As  in  the  ordinary  wall  or  plate  system  every  plant  working  with 
the  above  described  ice-making  tanks  or  boxes,  in  order  to  render  the 
process  continuous,  must  have  a  set  comprising  two  or  more  of  the 


Fig.  304. — Hill's  Method  of  Making  Clear  or  Crystal  Ice.     Transverse  Section  on 

line  X  X,  Fig.  303. 

latter.  Thus  a  4-tcMi  plant  has  two  boxes,  a  6-ton  three  boxes,  a  9-ton 
three  boxes,  a  15-ton  either  three  or  four  boxes,  and  a  24-ton  either 
six  or  eight  boxes. 


Miscellaneous  Arrangements   for   Making   Clear   or    Crystal 

TcE  BY  Agitation. 

HilFs  method  of  making  clear  or  cr}'stal  ice  (British  Patent  No. 
16253  ^^  1889)  is  shown  in  Figs.  303  and  304,  which  represent  respec- 
tively a  plan  of  the  ice-making  tank  or  box  partly  in  horizontal  section 
and  with  the  lid  or  cover  removed,  and  a  vertical  section  on  the  line 
X  X  oi  the  previous  figure.  The  apparatus  comprises  a  vessel  or  tank 
p,  which  is  provided  with  a  lid  or  cover  (Fig.  304),  and  with  a  jacket  or 
casing  q,  the  intervening  space  between  the  said  jacket  or  casing  and 
the  tank  P  being  filled  with  any  suitable  non-conducting  material  as  at 
Q*.  When  clear  ice  is  to  be  made,  the  liquid  to  be  frozen  is  con- 
tinuously circulated  in  the  vessel  or  tank  p  by  means  of  a  rotating 
screw  r,  or  other  suitable  device.  Into  the  vessel  or  tank  p  project 
freezing  vessels  or  chambers  s,  so  that  the  water  in  the  vessel  or  tank 
p  will  be  frozen  on  the  exterior  of  the  chambers  s,  and  the  hollow 
blocks  of  ice  thus  formed  can  be  very  readily  removed  therefrom.     For 
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this  latter  purpose  the  chambers  s  are  made  slightly  conical  or  taps 
from  their  outer  to  their  inner  ends,  and  rings  s'  are  fitted  loosely 
thereon  to  further  faciUlate  the  lemoval  nf  the  hollow  blocks  of 
Either  the  direct  expansion  or  brine  circulation  may  be  usetl  for  free*- 
ing  purposes.  In  the  first  case  the  liquid  ammonia  is  forced  into  the 
chambers  s  through  a  pipe  s-,  and  is  then  allowed  to  expand  andretuni 
to  the  absorber  of  an  absorption  machine,  the  weak  liquor,  which  can- 
not be  vaporised  without  the  applicatit»»  of  heat,  being  allowed  to 
return  to  the  ammonia  boiler  through  a  [wpe  s^.  In  the  second  case 
brine  reduced  to  a  very  low  temperature  by  any  suitable  process  is 
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caused  to  circulate  through  the  chambers  s,  for  the  further  purpose  of 
freezing  ihe  water  nn  the  exterior  thereof. 

To  ensure  the  pruper  circulation  of  the  water  to  be  frozen  in 
vessel  or  tank  p,  partitions  t  are  provided  in  the  latter,  which  are  to 
arranged  that  they  can  be  readily  removed  to  permit  the  withdrawal  of 
the  hollow  blocks  of  ice  frtim  the  chambers  s. 

In  another  arrangement,  shown  in  horizontal  section  in  Fjg.  305, 
and  in  vertical  transverse  section  on  the  line  x"  x  of  the  latter  in  Fig. 
306,  a  series  of  the  freezing  chambers  s  at  each  side  of  the  tank  p  are 
provided,  leaving  a  space  between  them  of  slightly  greater  length  than 
the  blocks  of  ice  to  be  produced,  so  that  the  blocks  from  one  series 
of  chambers  can  be  first  removed  and  then  those  from  the  other  series 
and  space  in  the  ice  box  or  tank  is  thus  economised.     Several  rows  0*. 
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series  of  the  freezing  chambers  s  placed  one  above  another  in  the  freez- 
ing or  ice  vessel  or  tank  may  be  employed,  as  shown  in  Fig.  306. 

In  Figs.  307  to  313  are  shown 
a  few  amongst  the  many  other 
arrangements  for  the  manufacture 
of  clear  or  crystal  ice  by  agitation 
which  have  been  devised. 

An  arrangement  for  ensuring 
the  production  of  clear  or  crystal 
ice  by  the  imparting  of  an  oscillat- 
ing movement  to  the  tank  or  box 
A,  in  which  the  ice  moulds  or  cans 

ar**    QiwnpnHftH    i«;    shown    in    Fiff        ^*?-    306.— Modified   arrangement  of 
are    suspended    is    snown    Ul    rig.   hUI's  Method  of  Making  Clear  or  Crystal 

307,  which  depicts  an  end  view  of  ice.     Transverse  Section  on  line  x'  x\ 

the  apparatus.  The  tank  is  sus- 
pended, as  will  be  seen  from  the  illustration,  upon  trunnions  k,  sup- 
ported in  bearings  in  standards  k\  and  an  oscillating  or  rocking 
motion  is  imparted  to  it  by  means  of  an  eccentric  l,  upon  a  rotating 
shaft  M.  The  cold  brine  or  other  freezing  medium  is  admitted  through 
the  trunnions  k,  which  are  formed  hollow  for  that  purpose,  to  the 
bottom  of  the  tank  a. 

The  finished  ice  can  be  removed  by  the  substitution  of  warm  for 
the  cold  brine  to  thaw  off  the  blocks,  and  by  inclining  the  tank  suffi- 
ciently to  admit  of  their  sliding  out. 

In  another  type  of  apparatus  of  this  class,  each  of  the  cans  or 

moulds  is  supported  in  the  freezing  tank  on 
central  pins  or  trunnions  resting  in  fixed 
bearings.  An  oscillating  movement  is  im- 
parted to  each  can  by  forks  on  a  rocking 
shaft  engaging  other  pins  placed  near  its 
upper  end. 

Numerous  arrangements  fur  agitation 
by  means  of  a  piston  or  pump  of  some  de- 
scription have  been  designed,  some  few  of 
which  are  shown  in  Figs.  308  to  313,  by  way 
of  examples. 

The  first  of  these,  or  that  shown  in 
Fig.  308,  consists  of  a  partially-submerged 
plunger  pump  n,  the  ports  of  which  are  inclined  as  shown 
in  the  drawing,  so  as  to  set  up  currents  in  the  necessary 
directions,  shields  or  guards,  o,  being  fixed  above  the  water  level  to 
prevent  the  latter  from  splashing  out  of  the  can  or  mould,  b. 


Fig.  307. —  Oscillating  Ice- 
making  Tank  or  Box. 


r 


HEFRJGERATJON  AND  COLD  STORAGE. 


inge<5  vertically,  but 


In  the  illustration  the  pump  N  is  shown 
it  can  also  be  fixed  tt)  work  horizontally. 

The  second  arrangement  of  pump  agitator  illustrated  in  Fig.  309 
has  the  refrigerating  tank.s  placed  in  series  in  such  a  manner  that  the 
lirine  can  pass  fr()m  one  tti  the  other  through  the  passages  proviileil 
for  that  purpose.  The  pump  N  is  shown  at  the  right-hand  side  o(  the 
figure,  and  consists  tif  a  barret  and  plunger  or  pisl()n  worked  off  a 
crank.  The  water  is  forceil  by  this  pump  at  each  downwanl  stroke  nf 
the  plunger,  along  a  channel  or  passage 
beneath  the  moulds  or  cans  b,  and  passes 
up  the  latter  through  holes  or  apiertures  B, 
proridevi  in  their  bottoms. 

On  the  completion  of  the  congelation 
tif  the  water  in  the  moulds,  the  cold  brine 
is  drawn  off  from  the  tank,  and  warm 
water  or  air  is  introduced  through  suitable 
pipes,  so  as  to  thaw  off  the  blocks  <rf  ice, 
and  admit  of  their  withdrawal.  The 
mtnilds  or  cans  are  connected  together  by 
tje-bars,  and  a  number  of  them  are 
.irranged  in  one  frame. 

In     another     arrangement     shown     in 
Fig.  310,  in  which  the  water  in  removable 
moulds  or  cans  is  agitated  by  the  action 
of  pumps,  the  moulds  b,  which  are  ol  thin 
shciit  metal,   and  arranged  transversely  in- 
a  brine  tank  a,  are  each  i.livided  by  a  non- 
conducting   partition    into    two    compart- 
ments    communicating     through     suitable 
openings.     The   larger   of   these   compart- 
ments is  that  in  «hich  the  water  is  frozen, 
the  smaller  one  forms  a  pump  baird  N, 
and  in  it  a  piston  or  plunger  n'  is  recipro- 
cated.    The  plunger  rods  are  coupleil  to  a  bar  arrangeil  longitudinally, 
its  ends  working  between  suitable  guides,  and  an  up  and  down  motion 
is  imparted  to  it  from  a  rocking  shaft  q. 

Figs.  311,  312.  and  313  illustrate  types  of  pump  or  piston  agitatMSi 
in  which  the  water  in  the  tanks  themselves  is  intended  to  be  frozen,  t»o 
separate  ice  <.'ans  or  moulds  being  employed.  In  ihe  first  arrangement 
(Fig.  311)  the  tank  a,  containing  the  water  to  be  frozen,  is  fitted  witha 
second  bottom  as  broad  as  the  tank,  hut  with  a  clearance,  as  shown 


tig.  308. —  Anangcmcnl 
for  Agilalion  of  Waler  in  let 
Cans  by  means  of  partially 
aubmcreed  Double  -  potted 
Plnngcr    Pump.       Sectional 
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in  the  illustration,  which  represents  a  longituilinal  vertical  section 
through  it  at  each  enil.  In  the  clearance  between  the  two  bottoms  of 
the  tank  is  mounted  an  agitator  R,  as  broad  as  the  tank  A,  and  to 
which  reciprocating  motion  is  imparteil  by  rfmnecting-ro.ls  from  cranks 


on  a  rocking  shaft  q.  The  freezing  is  effected  by  nam>w  longitudinal 
brine  cells  j'  suspended  from  the  edges  of  the  tank  at  their  upper 
ends,  and  resting  on  the  second  or  false  bottom  at  their  lower  ends. 
These  brine  cells  are  alternately  connecie.l  ai  the  ends  through  unions, 


Q 


L   for 


Fig.   3io.-An 
ARilalioiiof  W  al 
able   Ice    Cans    or    Moulds   by 
meansof  Plunger  Pumps.  Trans- 


or  tubes,  in  such  a  manner  as  to  admit  of  the  brine  being  passed 
through  the  whole  series,  a  four-way  cock  supplying  or  withdrawing  it 
in  either  direction  to  other  tanks  or  to  the  refrigerator. 

Steam  can  be  passed  through  the  cells  to  admit  of  their  removal 

r  freezing  is  completed. 
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In  ihe  anangements  shown  in  Figs,  312  and  313,  pump  chamben 
and  plungers  or  pistons  n',  are  employed,  that  in  the  first  bcmg 
arrange<J  vertically  at  the  side,  and  that  in  the  second  horizontallv 
beneath  the  tank  a.  The  plunger,  or  piston-md,  is  so  mounted  as  to 
have  a  certain  mo\ement  in  the  plunger  or  piston,  so  that,  on  the 
up  or  backward  stroke  of  the  latter,  it  will  operate  to  open  a  valve  and 
admit  of  the  water  passing  through,  whilst,  on  the  downward  or  forwml 
stroke,  it  will,  on  the  contrary,  close  the  valve  so  that  the  watn*  will  be 
driven  through  the  openings.  In  this  arrangement  it  will  be  seen  thai 
the  water  is  only  driven  in  a  downward  or  one  direction,  but  it  can  be 
also  so  arranged  as  to  drive  it  in  an  upward  or  in  both  directions.     The 


Fig.  312. —  Arrange- 
mcDt  for  Agitation  of 
Water  lo  be  froien  in 
Ice-making  Tank  or  Box 
by  means  of  Vertical 
Plunger  Pump.     Trans- 


fig'  i  1  J.— Airangemenl  for 
Agitation  of  Water  to  be  frozen 
in  lee-making  Tank  or  Boi  by 
means  of  Homootol  PlungCT 
Pump.    Transfers*  Section. 


piston  or  plunger-rods  in  both  arrangements  are  operated  by  bell  ciaiilc 
levers  S.  Several  of  the  above  ruts  are  reproduced  from  articles  by 
the  author  whirh  appeared  in  "  Modern  Machinery."  of  Chicago. 

^fr.  T.  B.  Lightfoot  designefl  and  patented  in  r885  a  crrabined  re- 
frigerating and  ice  tank,  in  which  the  cans  or  moulds  are  arranged  be- 
tween coils  or  pipes,  through  which  a  vaporised  freezing  medium  is 
caused  to  cln-iilate,  the  moulds  or  cans,  and  pipes,  being  surrounded 
by  brine  or  other  iwconffealable  fluid,  not  mechanicallv  circulated. 

The  Holden  System  of  Ice-Making. 
A  system  of  ice-making  which  is  said  to  be  coming  into  considerable 
use  in  the  United  States,  is  that  invented  by  Mr.  D.  L.  Holden  (who 
may  be  said  to  be  the  pioneer  of  the  ice-making  indu-stry  in  that  coun- 
try), which  he  terms  the  "  regealed  ice  machine."  The  method  of  pro- 
cedure is  substantially  as  follows  : — The  cold  is  obtained  by  the  ex- 
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pansion  of  the  liquid  ammonia.  Centrally,  in  a  water  tank  or  reser- 
voir, is  located  a  horizontal  metal  cylinder,  the  extremities  of  which 
form  hollow  gudgeons  extending  to  the  outside  of  this  tank,  and  are 
provided  with  suitable  means  through  which  rotary  motion  can  be  im- 
parted to  the  cylinder.  The  liquid  ammonia  anhydride  is  delivered 
into  the  above-mentioned  cylinder  at  one  of  its  ends,  and  forms  a  thin 
layer  upon  the  inner  wall  of  the  revolving  cylinder,  in  which  it  expands, 
vaporises,  and  is  carried  off  from  the  other  end.  Upon  the  exterior  of 
the  cylinder  a  thin  coating  of  ice  is  formed,  which  is  constantly 
removed  by  a  set  of  scrapers ;  and  this  ice,  floating  in  the  water,  is  con- 
ducted by  a  worm  or  other  conveyor  to  two  cylinders,  in  which  a  piston 
operates,  to  subject  it  to  a  pressure  of  50  lbs.  per  square  inch  for  the 
puri>ose  of  expelling  all  excess  of  water  and  air  bubbles. 

An  installation  on  this  system  requires  a  far  simpler  apparatus  than 
that  which  has  to  be  provided  for  carrying  out  the  process  of  ice- 
making  by  means  of  any  of  the  systems  usually  employed ;  and  it  has, 
moreover,  according  to  the  inventor,  the  further  advantage  of  enabling 
work  to  be  started  with  comparatively  little  delay  as  compared  with 
that  entailed  by  other  plants,  which  in  some  cases  require  one  or  more 
days'  preparation.  As  the  thin  layer  or  coating  of  ice  is  constantly  and 
rapidly  formed  on  the  external  surface  of  the  internally  cooled  metal 
cylinder,  the  process  is  more  expeditious  than  is  the  case  when  the 
freezing  or  congelation  of  the  water  takes  place  in  a  mould  or  can, 
where  the  formation  of  ice  at  the  sides  considerably  retards  the  process 
and  renders  it  very  slow. 

Water  De-aerating  or  Distilling  Apparatus. 

The  last  of  the  plans  mentioned  for  making  clear  or  transparent  ice, 
or  that  wherein  the  water  to  be  frozen  is  first  de-aerated  or  deprived  of 
its  air,  is  usually  carried  out  in  an  apparatus  working  on  the  can 
system,  but  the  water  so  treated  may  be  used  in  the  cell  or  any  other 
system  with  equally  favourable  results. 

The  process  of  de-aerating  the  water  is  one  of  the  utmost  simplicity, 
and  the  product  is  found  to  answer  admirably,  the  ice  produced  being 
of  prime  quality. 

The  metho<ls  used  for  extracting  the  air  from  the  water  are  either 
by  subjecting  it  to  a  long-continued  boiling;  by  exposing  it  to  a  high 
vacuum;  or  by  distilling  it  under  exclusion  of  the  atmosphere. 

In  order,  however,  to  economise  fuel,  it  is  a  not  unusual  practice 
to  utilise  the  exhaust  steam  from  the  engine  for  the  purpose  of  ice- 
making,  as  has  been  already  mentioned ;  and  as  this  exhaust  steam  con- 
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tains  an  admixture  uf  more  or  less  of  the  lubricating  oil  from  the  engine 
cylinder,  it  must  be  deprived  of  this  before  being  thus  used.  This 
is  verj-  easily  accomplished  by  i>assing  the  exhaust  sieam  ihriiugh 
steam-filters  of  very  simple  construction,  ajid  after  the  steam  has  been 
thus  filtered  it  is  condensed,  and  the  resultant  water  is  again  ihoroughU 
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filtered  so  as  to,  as  completely  as  possible,  deodorise  it.  The  can  ice 
produced  from  this  de-aerated  or  air-freed  water  still  contains  a  yen' 
thin  stratum  or  core  of  [jorous  ice  in  the  centre,  but  it  is  insigniftrant, 
and  not  sufficient  to  injure  the  appearance  of  the  blocks  to  any  appre- 
ciable extent. 

The  Klein  oil  separator  or  collector  consists  of  a  numbw  of  dished 


perforated  plates  set  zig-zag  fashion  in  a  cylindrical  or  a  rectangular 
casing.     The  Triumph  Ice  Maclune  Co.'s  oil  separator  and  condenser  J 
water  cooler  is  shown  in  plan  and  vertical  section  in  Figs.  314  ami  315.  I 
The  distilled  water  rtms  round  one  channel,  formed  with  corrugated  1 
■  passes  in   the  opposite  direction.     This  \ 
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corrugated  construction  gives  a  verj-  large  amount  nf  cof>lmg  surface, 
whilst  occupying  a  comparatively  small  casing. 

Fig.  316  is  a  diagrammatical  view  showing  an  apparahis  employed 


by  ihe  Frick  Company  for  making  distilled  water  from  the  exhaust 
steam  from  the  ilriving  engine. 

Another  method  of  iiiilising  the  ejthaust  or  waste  steam  for  de- 
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pumps  into  the  distilled  water-receiver,  h  is  a  pipe  for  charging 
the  apparatus  with  the  water  to  be  distilled  or  evaporated,  i  is  a  pipe 
connected  by  branches  to  a  well  in  the  bottom  of  each  pan.  l  is  a 
pipe  connecting  the  upper  part  of  the  heating  space  of  the  calandria 
B  of  the  second  pan  a*,  with  that  of  the  third  pan  aI  g^  is  a  pipe  by 
which  the  water  resulting  from  condensation  in  the  calandria  b  of  the 
first  pan  a  is  discharged  into  a  hot  well ;  and  l*  are  pipes  by  which 
the  condensation  water  from  the  calandrias  b  of  the  pans  a*  and  a'  is 
delivered  to  the  distilled  water  receiver,  i}  is  a  pipe  for  removing  the 
excess  of  vapour  from  the  calandria  b  of  the  third  pan  a*. 

The  vacuums  maintained  in  the  three  vessels  or  effects  a,  a*,  a', 
will  be  respectively  about  4  inches,  14  inches,  and  24  inches,  and  the 
temperatures,  taking  the  vessels  or  effects  in  the  like  order,  will  be 
about  200°,  180°,  and  130°  Fahrenheit 

It  will  be  seen  that  the  economy  of  the  triple  effect  apparatus  is 
due  to  the  fact  of  its  being  largely  self -heating,  as  the  calandria  of  the 
first  vessel  or  effect  is  the  only  one  heated  by  extraneous  means,  the 
calandria  of  the  second  effect  being  heated  by  the  latent  heat  of  the 
steam  or  vapour  from  the  boiling  water,  in  the  first  effect,  and  the 
third  effect  being  heated  from  that  of  the  second  effect.  Thus,  neglect- 
ing the  loss  of  heat  due  to  radiation,  a  double  effect  is  twice,  and  a 
tripe  effect  is  three  times  as  economical  in  steam  consumption  for 
heating  purposes  as  a  single  effect 

The  Haslam  distilling  apparatus  is  constructed  upon  the  triple- 
effect  principle,  and  comprises  a  first  boiling  pan,  a  second  boiling  pan, 
a  condenser,  a  feed-water  heater,  and  a  distilled- water  receiving  tank  or 
vessel.  When  no  exhaust  or  waste  steam  is  available  the  plant  also 
includes  a  suitable  steam-boiler. 

Fig.  318  is  a  perspective  view,  partly  in  section,  illustrating  a  com- 
plete single  effect  distilling  apparatus  of  the  Yaryan  type,  which  are 
made  in  various  sizes,  adapted  to  produce  from  3  tons  to  48  tons  of 
distilled  water  per  twenty-four  hours.  The  apparatus  consists  essen- 
tially of  a  cylindrical  evaporator,  having  a  horizontal  body  or  shell  of 
wrought-iron,  with  a  separator  similarly  constructed  at  one  end,  and 
a  number  of  straight,  solid-drawn  tubes  (according  to  the  capacity  of 
the  machine)  so  fixed  in  tube  plates  provided  at  both  ends  of  the  shell 
or  body  as  to  be  capable  of  being  readily  withdrawn  when  necessary 
for  cleaning  purposes.  These  tubes  are  connected  at  their  ends  by 
return  heads,  so  as  to  throw  them  into  sets  or  series,  thus  practically 
forming  coils  of  pipe  of  any  desired  length.  The  water  to  be  distilled 
is  passed  through  these  coils  or  sets  of  pipes,   the  exhaust  steam 
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being  admitted  to  the  space  round  them,  and  the  steam  or  vapour  from 
the  evaporating  coils  passes  through  ihe  separating  chamber,  which  ii 


fitteiJ  with  baffle  cr  theck  plate?!,  one  of  which  is  shown  in  the  drawings 
to  the  condenser,  which  latter  also  focms  an  interchanger  and  t 
water  to  be  ilistilled. 
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The  distinctive  feature  of  this  svslem  is  film  eva|Kiration,  thai  is, 
(he  blowing  of  the  whole  mass  of  the  liquid  to  be  evaporated  into  spray, 
and  its  rapid  motion  through  the  sets  ur  series  of  tubes  during  the 
process.  This  latter  point  is  of  great  importance,  and  is  the  chief 
reason  of  the  great  efRoiency  (if  this  type  of  apparatus.  The  result  is 
due  to  the  fact  that  there  is  a  ver>-  considerable  gain  in  absorption  of 
heat  by  the  liquid  under  treatment  as  its  vel'jf^ity  increases,  owing  to 
the  fact  that  ntw  particles  of  the  liquid  are  being  constantly  brought 
into  contact  with  the  heated  surfaces,  and  naturally  the  more  rapiti  its 
motion  over  the  latter  the  more  frequently  will  this  occur. 

When  in  operation  there  will  be  a  vacuum  of  from  \2  in.  to  15  in. 
in  the  separator,  and  the  steam  pressure  in  the  e\'aporator  should  be 
about  15  lbs,  per  square  inch :  the  latter  may,  howeier,  be  increased  to 
about  40  lbs.  per  square  inch. 

The  feed  taken  from  the  circulating  discharge  Is  usually  drawn 
into  the  tubes  by  reason  of  the  vacuum  in  the  separator;  if,  however, 
conilensalion  is  carrieil  out  at  atmospheric  pressure,  it  is  forced  in  owing 
to  the  head  of  water  due  to  the  height  of  the  circulating  discharge,  or 
to  a  loaded  valve. 

The  advantages  of  a  triple  effect,  or  an  apparatus  of  this  type  for 
producing  pure  distilled  water  for  ire-making,  are  ob\ious,  inasmuch  as 
it  admits  of  its  being  obtained  free  from  the  slightest  trace  of  oil,  by 
the  use  of  exhaust  or  waste  steam  only,  anij  that  without  any  necessity 
for  filtering.  The  dispensing  with  filtering  is  of  some  importance,  as 
each  time  the  distilled  water  is  passei.l  through  a  new  filter  it  takes  up 
a  considerable  quantity  of  air,  and  consequently  until  all  the  air  has 
become  expelled  from  the  filter  the  water  is  in  no  way  superior  to  ordi- 
nary undistilled  water,  and  the  ice  made  from  it  is  opaque  and  porous. 
The  condensed  exhaust  steam,  after  having  performed  its  duty  in  . 
the  evaporator,  may  be  either  lun  into  a  hot-weil  t<)  be  used  for  boiler 
feeding  purposes,  or  it  may  be  run  lo  waste. 

Pig-  3'9  iltlustrates  one  of  the  Mirrlees,  Watson,  and  Yaryan  Com- 
pany's larger  forms  of  distilling  apparatus,  which  is  suitable  for  instal- 
lations turning  out  considerable  quantities  of  ice  per  twenty-four  hours. 
As  will  be  seen  from  the  drawing  it  is  a  sextuple  or  sLx-effecl  apparatus. 
On  the  right  are  situated  the  air,  circulating,  brine,  fresh  water,  and 
feed  pumps,  which  are  all  driven  off  one  engine,  and  are,  with  the 
latter,  the  only  moving  parts.  Next  is  placeil  the  distilling  condenser 
(between  two  heaters  in  which  the  feed-water  becomes  partially  heateil 
on  its  way  to  the  evaporator);  and  finally,  on  the  left,  six  separators 
placed  in  a  vertical  column,  with  the  corresponding  six  effects  arranged 
horizontally  in  the  rear. 
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In  operation  there  wiJI  be  a  pressure  of  from  40  to  60  lbs.  in  ihe 
first  effect,  and  a  vacuum  of  about  37  inches  in  the  distilling  con- 
denser, the  apparatus  being  si>  pnijxirtioned  that  this  difference  of 


pressure  will  distribute  itself  automatically  between  the  several  effects. 
The  feed  for  the  evaporator  being  taken  from  the  circulating  water  of 
ihe  distilling  condenser,  a  certain  amount  of  heal,  which  would  other- 


rCE-MAKING. 


wise  be  rejected,  is  utilised  at  the  very  commenceraent  uf  the  operation, 
and  the  efficiency-  of  Ihe  apparatus  is  further  increasetl  and  heat  econQ- 
mised  by  a  multiple-effect  system  of  heating  the  feed  before  reaching 
the  ei'aporating  vessel.  The  first  stage  of  heating  the  feed  referred  to 
is  effected  by  exposing  it  to  the  vapour  given  off  by  the  water  evapo- 
raled  in  the  last  effect  while  this  vapour  is  on  its  way  to  the  distilling 
condenser,  and  then  to  the  vapour  from  the  several  effects  constituting 
the  evaporating  apparatus,  until  it  receives  its  linal  increment  of  heat 
from  the  steam  employed  to  heat  the  first  effect,  into  which  the  feed 
enters  at  or  about  the  boiling  point  of  that  effect. 

The  feed  entering  the  first,  passes  down  through  aU  the  effects  of 
the  apparatus.  The  water  resulting  from  the  condensation  which  takes 
place  on  the  different  heating  surfaces,  together  with  that  from  the 
last  effect,  being  eventually  delivered  as  cold  distilled  water.  Usually 
the  water  rwulting  from  the  condensation  of  the  steam  employed  to 
heat  the  first  effect  is  separated  fn>m  that  produced  in  the  remainder 
of  the  apparatus,  as  being  likely  lo  be  slightly  contaminated,  and  is 
reserved  for  feei3ing  ihe  boiler  supplying  steam  to  the  apparatus,  pump- 
ing engines,  etc.  On  the  number  of  effects  used  in  combination  with 
the  system  of  evaporating  water  in  continuous  motion  depends  the 
great  economy  of  fuel  which  is  obtained  in  apparatus  of  this  type.  The 
only  labour  required  in  connection  with  the  apparatus  is  that  for  stoking 
the  boilers,  and  the  necessarj*  attention  to  the  feeding  of  these,  and  to 
the  working  of  the  pumps.  All  parts  of  the  apparatus  are  readily 
accessible,  hinged  doors  at  the  end  of  each  effect  giving  easy  access 
to  the  interior  of  these  for  cleaning  purposes  wheTi  required. 

Aji  e.tceedingly   compact  and   efficient   fonu  of  portable  Yaryan 

distilling  apparatus  has  also  been  designed  by  the  same  firm,  which  is 

entirely  self-contained  and  is  easily  movable,  bdng  mounted  upon  an 

independent  carriage  supported  upon  strong  iron  wheels.    The  appara- 

.  tus  comprises  two  Yarjan  evaporators  arranged  to  work  as  a  double 

\  effect,  a  distilling  condenser  in  conuecti(»i  therewith,  a  suitable  feed 

I  water  tank,  a  pump  for  feeding  the  water  to  be  distilled  through  a 

k  heater  into  the  first  effect  or  vessel,  and  a  tail  or  circulating  pump  for 

[■condensing  the  steam  given  off  from  the  second  effect  or  vessel  in  the 

F.  distilling  condenser.     The  steam  required  for  working  the  apparatus 

[  is  suf^lied  from  a  portable  boiler  fitted  with  a  donkey  feed-pump, 

etc.,  and  also  mounted  upon  iron  road  wheels. 

The  advantages  of  a  portable  distilling  apparatus  capable  of  being 
I  .«hifted  with  great  facility  fjom  one  source  of  water  supply  to  another, 
I  or  to  any  desire-l  location  in  the  works,  are  obvious.     And  the  c( 


pactness  of  the  installation  renders  it  very  easily  manageable,  one 
skilled  attendant  and  a  boy  being  sufficient  for  a  machine  having  a 
capacity  to  produce  85  gallons  of  pure  fresh  water  per  hour  from  strong 
brine  averaging  twice  the  density  of  ordinary  sea  water.  Exhaustive 
teats  proveil  most  conclusively  that  the  efficiency  of  the  plant  was 
fully  equal  at  the  termination  of  each  run  tn  what  it  was  at  the  com- 
mencement, which  abundantly  deoionstrateil  the  self-cleaning  powere 
of  the  apparatus  when  treating  water  so  strongly  charged  with  salts. 
The  evaporative  duty  was  4^1  lbs.  of  water  per  pound  of  common  wood 
fuel;  with  coal,  however,  the  duty  would  be  about  double  per  pound 
of  coal  consumed,  and  naturally  when  treating  impure  water  of  less  den- 
sity than  the  said  brine,  or  comparative!;  jiure  water  for  de-aerating 
purfKises,  the  amount  of  pure  de-aerated  water  obtained  per  pound  of 
fuel  consumed  Hould  he  proportionately  larger. 

In  the  rase  of  a  si nfjle- effect  distilling  aiijiaratus  the  above  fuel 
consumption  would  be  iloubled  to  produce  the  same  amount  of 
distilled  water,  ajid  the  more  effects  that  ate  employed  up  to  a  certain 
point  the  greater  the  economy,  a  sis-effect  apparatus  being  found 
capable  of  producing  ^6  lbs.  of  pure  distilled  water  for  each  pound  of 
fuel  con.sumed,  that  amount  being  over  and  above  what  was  evaporated 
in  the  boiler  which  was  leturned  to  the  latter. 

It  is  obviously,  therefore,  advisable  wherever  the  demand  for  the 
de-aerated  water  warrants  it,  to  employ  a  multiple-effect  distilling 
apparatus.* 

In  most  factories,  however,  the  exhaust  steam  from  the  engines 
will  be  availalile  for  use  in  the  apparatus,  and  the  expenditure  on  fuel 
for  raising  steam,  specially  for  use  in  the  evaporator,  will  thus  be  saved. 

The  evaporator  should  be  opened  e\'ery  two  or  three  weeks,  and 
if  scale  is  found  on  any  of  the  tubes,  these  should  be  withdrawn 
and  clean  ones  inserted  in  their  place.  The  best  means  to  employ 
for  removing  the  scale  from  the  tubes  is  to  pass  them  over  a  slow 
lire,  care,  howevCT,  being  taken  not  to  apply  more  heal  than  it 
necessary  to  bring  off  the  scale. 

Vacuum  Svstem  of  Ice -ma  king. 
The  method  of  making  ice  without  the  use  of  either  a  primaij 
or  secondary  cooling  agent,  that  is  to  say,  by  freezing  the  water  ia 
vacuo,  has  been  already  dealt  with  when  describing  the  Carre,  Wind- 
•  A  detailed  descripliiin  of  the  larger  forms  of  mulliplc-efTecl  Yanan  evaporsloi* 
with  reference  lc>  their  uw  for  the  eraporation  and  concentration  of  saccharine  juieel 
and  solutions,  will  be  found  in  1  ttealiae  on  ■'  Sagar  Machinerj,"  by  ihe  same  author. 
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hausen,  Harrison,  and  other  vacuum  machines,  Eriefiy,  Ihe  principle 
upon  which  they  work  is  that  if  water  be  exposed  in  a  practically  per- 
fect vacuum  it  is  rapidly  turned  into  vapour,  and  this  change  requiring 
a  large  quantity  of  heat  which  must  be  provided  by  ihe  water  itself, 
that  portion  of  the  water  which  is  not  vaporisetl  becomes  frozen  solid. 
As  alreaiiy  mentioned,  however,  the  ice  thus  made  is  more  in  the  form 
(A  granulated  wiow,  and,  being  brittle,  charged  with  air,  and  possessing 
no  durability,  it  is  practically  of  v«y  little  or  no  market  value. 

Imitation  of  Natural  System. 
In  another  system,  wherein  an  imitation  of  the  natural  process  is 
attempted,  the  water  to  be  frozen  is  exposed  in  well-insulated  rooms  or 
chambers  to  a  temperature  far  below  freezing  point.  This  plan,  how- 
ever, is  not  found  to  answer  commercially  owing  to  the  extreme  slow- 
ness with  which  the  freezing  or  congealing  of  the  water  is  effected,  by 
reason  of  the  low  specific  heat  of  aJr  and  its  po'jr  capacity  for  conduc- 
tion, a  fault  which  cannot  be  got  over  even  by  increasing  the  cooling 
surfaces  of  the  rooms  to  an  abnormal  degree. 

Ice  Factories. 

A  factory  for  making  ice  consists  of  more  or  less  solid  buildings  in 
accordance  with  the  particular  regulations  of  the  locality,  capital  at 
command,  etc.  Fig.  320  shows  an  arrangement  of  the  ice-tank,  or 
box  room,  but  in  ajldition  to  this  the  factory  will  comprise  a  machine 
room,  boiler  room,  ice  store,  offices,  loading  platforms,  etc. 

The  arrangeinent  shown  in  the  drawing  is  intended  for  making 
ire  on  the  can  system,  and  the  ice-bo.ves  are  precisely  similar  to  those 
previously  d_escribed.  Above  the  ice-boxes  is  provided  a  travelling 
hoist,  or  crane,  by  means  of  which  the  cans,  or  moulds,  can  be  con- 
veniently raised  one  by  one  from  the  ice-boxes,  when  the  water  in 
the  cans  has  been  frozen,  and  transferreii  to  the  platform  shown 
on  the  nght-hand  side  of  the  drawing.  On  or  beneath  this  platform 
are  provided  a  suitable  number  of  thawing  or  relieving  tanks  filled  with 
warm,  or  tepid  water,  at  about  70*^  Fahr.,  and  into  this  the  can  or 
mould  is  dipped  for  a  few  seconi.ls,  after  which  the  block  of  ice  can 
he  readily  turned  out  on  a  tip-table,  and  the  can  or  mould  is  again 
filled  with  water  and  returned  into  the  brine-tank  to  recommence  freez- 
ing. The  ice  blocks,  or  cakes,  are  in  some  instances  turned  out  of  the 
cans  or  moulds  at,  or  delii'ere^l  tu.  the  upper  end  of  an  inclined  plane,  -* 
or  runway,  down  which  the^    pass  to  the  ice-store,  or  ante-chamber 
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Pulsometer  Engineering  Company,  Limited.  The  mechanism  for  rais- 
ing the  slabs  or  blocks  of  ice  from  the  ice-tanks  or  boxes  is  clearly 
shown  in  this  illustration. 

Figs.  322  to  324,  325  to  327,  and  328  to  330  are  suggested  plans  by 
the  Frick  Company  for  can  ice  factories  respectively  of  the  following 
capacities :  Six  to  ten  tons,  thirty  to  thirty-five  tons,  and  one  hundred 
tons.  The  arrangement  of  these  factories  is  explained  by  the  writing 
upon  the  drawings.     Figs.  331  and  332  is  .1  plan  of  a  model  ice  factcwy 


by  the  Triumph  Ice  Machine  Company.  Figs,  333  and  334  show  in 
plan  and  sectional  elevation  a  five-ton  ice  factory  on  the  can  system, 
designed  by  the  Vulcan  Iron  Works.  And  Fig.  335  is  a  sectional  eleva- 
tion showing  an  ice  factory  on  the  "  Eclipse  "  can  system,  as  constructed 
by  the  Frick  Company.  These  three  drawings  are  also  self-explanatory. 


Ice  Elevating  and  Conveying  Machinery. 
As  has  been  already  mentioned,  numerous  contrivances  for  i 
I    mising  the  work  of  handling  the  c 
n  devised. 


L  have  been  de 


moulds  and  the  blocks  of  i 
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Figs.  IM  lo  324.— Frick  Company  Atraneement  for  Ice  Factory  of  six  lo  ten  U 
capacity.     Plan,  Sectional  Side  E1e\ation,  and  Tiansveree  Section. 
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Puplett  and  Rigg's  patent  of  1887  comprises  an  arrangement  for 
facilitating  the  lifting  of  the  cans  or  cases,  ajid  removing  the  ice.  This 
labour-saving  contrivance  consists  in  an  apparatus  for  connecting  two 
or  more  of  the  cans,  moulds,  or  cases  together,  and  comprises  a  frame 
which  is  pnnided  with  trunnions  or  guiigeons,  so  situated  as  to  be 
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slightly  above  the  centre  of  gravity  of  the  cans  or  nwulds.  At  one 
end  i.>f  each  r>f  these  frames  a  quadrant,  worm  and  worm  wheel,  or  some 
other  convenient  means,  are  provided,  fur  enabling  the  frame  and 
moulds  therein  to  be  inclined  to  any  required  angle.  To  admit  of  the 
frames  hdng  raised  from  the  ice-making  lank  or  box  by  the  overhead 
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IraveMer  the  latter  is  fitteil  with  links  adapt&l   to   engage   with   the 
intioned  Irunninns  or  gudgeons.     The  frame,  ami  moulds  or 


cans,  being  nearly  balance^!  on  their  trunnions,  the  labour  of  disc'harg' 
ing  the  ice  therefrom  is  greatly  reiluced,  and  the  operation  is  more- 
T  considerably  expedited.     The  quadrant  or  worm  gearing  is  usually 


nover  consul  e 

L 


REFRIGERAIION  AND   COLD  STORAGE. 

so  arrangeil  as  to  engage  with  a  suitable  device  fixed  on  to  the  links  (if 
the  overhead  traveller;  but  mechanical  contrivances  can  be  dispensed 
with,  anil  the  frame  containing  the  moulds  tipped  by  hand,  which 
operation,  owing,  as  above  mentioned,  to  its  being  almost  balanced, 
can  be  so  accomplished  without  any  difficulty. 

Fig-  336  's  B  truck  ice-can  hoist  for  use  with  very  small  ice-malting 
plants.     Fig.  337  is  a  travelling  crane,  and  geared  hand-poww  ic&can 


hoist,  by  means  of  which  one  man,  whilst  on  watch,  can  take  care  of 
from  10  to  15  cans  per  hour.  And  Fig.  338  is  an  electric  crane  for 
use  in  connection  with  large  installations,  and  which  is  capable  of 
handling  any  desired  number  of  cans.  The  above  appliance  is  con- 
strucled  by  the  Frick  Company. 

I''6-  3.19  represents  an  automatic  ice-dump,  made  by  the  Triumph 
Ice  Machine  Company.     The  box  is  made  of  3-16  in.  steel,  rmnfotced 
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by  f  in.  X  J  in.  iron.  The  valve  and  shaft  arc  Iwlted  on  this  box 
with  a  heavy  flange.  The  stajijs  carr>-  the  bearings  and  box.  and  are 
holted  to  a  cast-iron  waste  box,  there  being  no  wood  about  the  box  to 
decay  or  give  way. 

The  operation  of  this  dnmp  is  as  follows.  \\t,  -. — The  box  being  in 
a  vertical  position  to  receive  the  caji,  the  small  le\-er  at  the  bottom  caai 
be  operated  by  the  foot  so  as  to  give  the  dump  a  slight  till 
toward  the  from,  when  the  dump  wil!  go  over  slowly  and  turn  on  the 
warm  water  autcunatically,  while  same  is  turning  down  in  position 
to  dump  the  ice.  The  water  strikes  all  sides,  and  under  the  can.  The 
valves  are  so  regulated  that  the 
bottom  of  the  can  will  receive  the 
most  water,  thereby  mdting  the 
ice  away  from  that  part.  The 
weight  of  the  ice  sUrting,  the 
cake  will  then  fall  on  the  bot- 
tom nf  the  can,  and  the  air  will 
rush  in  over  the  lop  of  the  ice, 
forring  same  out  of  the  can. 

^"'S-    S4°    shows    the    Vulran 

Iroit  Wijrks  trai?k   s>-stem.  •     The 

this    airangement    is    sup- 

during    the   thrc.w    nf    the 

,     so    that     no    abnonnal 

in  come  uj>on  the  hinge  or 

nd    the    latter    cannot    be 

iJT   if   the  switch   be   left 

Thb    rail     is    formed    of 

X     i    in.    iron,    and    the 

hangeis    are    so    con.stnirteil    that 

'ured  to  the  hanger  withrmt  drilling. 

,  three,  and  four  throw. 

Ice-delivery  machines  and  other  Ial>oiir-sa\ing  appliances  are  also 

manufactured  by  the  Pulsometer  Engineering  Company,  Limited,  and 

others. 

Whatever  the  arrangement,  however,  for  drawing  the  ice,  one  thing 
is  absolutely  necessary  to  ensure  economical  working,  and  that  is  the 
strictest  regularity.  It  is,  of  course,  understood  that  the  machinery 
should  also  be  kept  working  at  as  uniform  a  speed  as  possible,  and  that 
aJI  temperatures  should  be  maintained  as  nurmal  as  practicable. 
Suitable  ice  elevators  or  hoists  are  also  required  for  raising  the 


Fig.  330.-- 
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any  ptation  of  the  rail  can  bt 
These  switches  are  made 


Fig-  iJ7-— Travdiinu  Ci.ine  and.Ocaica  hand-powft  Icc-taQ  Hoi 
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blocks  of  ce  from  one  le  el  of  the  factoiy  to  another.  Amongst  nunie- 
roiis  devices  for  h  s  purp  se  ment  n  maj  be  made  of  the  following, 
\'\i.,  that  where  n  an  endless  cha  n  p  ov  led  with  books,  is  employed 
to  grab  the  blocks  nf 
ice,  and  drag  them  up 
an  incline,  vhich 
j^  \  latter  may  be  made  in 

sections,  so  as  to  ail- 
mjt  of  the  ice  being 
dlschaiged  al  dif- 
ferent elevaiiixisu  The 
h(x>ks  are  set  in  posi- 
■-r-^  "^q/       Vfri\^  ti«i    to   engage   with 

\\f-  ~  ~  [j  ~    1?^  '^"^  blocks  of  ire  by  a 

■  '     '"  '■  '  '■    l^    spring   bar  upon   the 

frame     canjing     the 
F'K-  33').— Aulomatk  Ice  Dcmp,  driving  -  wheel.         In 

another  arrangement 
the  blwks  of  ice  are  shoied  up  a  fixeiJ  spiral  incline,  by  aims  nr 
levers  projecting  radially  from  a  shaft,  located  vertically  in  the  centre 


Ordinaiy  hydraulic  or  steam  platform  lifts,  communicating  between 
the  different  floors  of  the  factory,  may  be  located  wherevM-  found  to  be 
necessary  and  convenient,  as  also  run-ways  or  slip-ways  and  gravity 
hoists. 

A  number  of  loose  tools  are  likewise  requited  in  an  ice  factory  for 
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manipulating  the  ice,  such  as  Ice-saws,  hatchets,  hooks  and  picks, 
hoisting  tongs,  trollies,  etc.,  etc. 

Ice-Making,   General. 

It  is  advisable  to  have  hydrants  in  suitable  positions  throughout 
the  buildings,  and  this  precaution  is  especially  desirable  where  am- 
monia machines  are  in  use,  the  extreme  affinity  of  ammonia  for  water 
rendering  the  latter  (as  already  mentioned)  the  best  remedy  to  employ 
for  killing  the  ammonia  should  any  considerable  quantity  become 
accidentally  spilt. 

The  ice  store  is  usually  refrigerated  by  means  of  a  brine  or  direct 
expansion  coil,  and  the  ante-room  thereto  .should  be  cooled  in  a  similar 
manner.  It  may  be  taken  that,  as  usually  stored,  a  ton  of  ice  will 
occupy  about  50  cubic  feet.  The  top  layer  should  be  covered  with 
ilry  sawdust  or  shavings.     See  also  "  Storing  Ice." 

In  some  places  it  is  found  advisable  and  advantageous  to  add  to  the 
ice  factory  buildings  one  or  more  cold  stores  or  chambers,  wherein 
perishable  products  can  be  preserved  for  customers  desiring  such 
accommodation. 

The  management  of  ice-making  and  refrigerating  machines  will  be 
found  dealt  with  in  the  next  chapter,  so  far  as  the  space  at 
command  will  allow.  That  of  the  steam  engines  or  other  motors 
employed  for  driving  these  and  of  the  miscellaneous  accessory 
machines  and  apparatus  will,  of  course,  in  no  way  differ  from  those 
used  for  other  purposes,  and  instructions  for  the  proper  care  and  work- 
ing thereof  are  outside  the  province  of  this  work.* 

Freezing    Times    for    Different    Temperatures  and 
Thicknesses  of  Can  Ice. 


;,...,.-■,  ^.j:    .      ^         'i\     Eo 


*  For  ilct.iilcd  inrormatiun  regarding  friction,  and  the  management  and  lubrication 
of  the  rubbing  parts  or  machinerj-,  sec  "  Bearings  and  Lubrication,"  by  Ihe  same 
author. 
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H                     Tdje  Required  for  Water  to  Freeze  in  Ice  Catis. 

1 

H                                        {Thf  Triumph  Ice  Maihint  Company.  Catilogu 

')■ 

1 

H        Caiis,Bi2e,6m.by  izin.by24iii.    Weight  of  cake,  50  lbs.   Time 

10  freeze 

20  bonn.  I 

W        Cflnfl,sbe.  Sin.hytSb.  by3»m.    Weight  of  cake,  :«)  lbs.   Time 

tofrecie 

36  houn.  1 

Cans.size.SiD.by  l6iD.by  40in.   Weight  of  cake,  150  lbs.   Time 

tofrce2e.36hoii«,B 

Cans.size,  tl  in.  by22  in.by  Jjin.    Weight  of  cake,  100  lbs.  Tim 

tofrecK 

55t>oaB.| 

Cans,si«:,uin.byi2in.by4*m.  Weight  of  oke.  300  lbs.   Time 

10  fteeM 

6oh(n]n.l 

Cans,  size,  I  tin.  by  12  in.  by  57  in.   Weight  of  cake,4O0lbs.   Time 

(o&ee« 

60  hours.  ■ 

a  rule  the  hipba  1 

the  bath  Icmperamre  the  slower  the  process  of  Ireezing,  but  the  finet  and  | 

clearer  the  ice. 

1 

TABLK  Of    ICB.Pl.ANT   EXPICIENCIKS   COLLBCTED    FROM    T 

-.,„.„„.     1 

ExisTiwo  AND  Operating  Plants,— ■SmrfA-j 

=1 

"S  \ 

k 

ji  li 

i 

i 

.ji 

|J 

JslfJ 

iK 

\ 

M 

u 

ill 

m 

1 

a 

S-4 

4,Boo 

10.800 

225 

13.400     1     >,»6I 

17-6 

75 

57 

4.^00 

1 1,400 

2-3? 

13.400     1     2,381 

gs 

74;8 

7-^S 

4.000 

'4,5<» 

3-6a 

12,ZOO       1       3,638 

7'S 

4,000 

■  S.ooo 

3' 75 

.2,200       1       3.768 

30-8 

1033 

S.OOQ 

30,  (*o 

4- '3 

14,858         4.iio 

279 

S.ooo 

3' 93 

14,858         1,1)49 

19-9 

7(-0 

14 

ZK.OOO 

2-33 

■J.700    .     2.J41 

18-4 

74-3 

I4-S 

9,000 

29,000 

3*22 

M,.;O0           3,236 

tr,<»D    .    3,488 

16-5 

y,5«> 

33,<MO 

347 

*9'3 

&. 

iS-6 

ij,6oo 

31.MO 

3'»S 

12.300    ]    3,266 

af5 

'h 

33.eoo 

1-94 

12.300        j,94S 

2.5 

6S-» 

40,000 

313 

J2,t00           3,346 

6i-» 

'9 

S.ooo 

J«.'00 

4'7S 

39-1 

44"» 

■4S 

jg.ooo 

4-83 

l*:!^    Jissi 

3,8 

1« 

;|:ie 

10.000 
10,000 

35.™» 
35.3*0 

3'5 
3'53 

'^ooo        3.S'7 
i?.(<oo    .    3.547 

s:; 

27-5 

'3.500 

Si.ooo 

4'07 

13.000         4,090 

3' -3 

§:! 

'9 

;,ooo 

j8,ooo 

S'4» 

12,200    ,    5,447 

44-6 

6,000 

+0,000 

(.■66 

13,000         6,693 

5f4 

z6-b 

6,Sdo 
;,ooo 

6'76 
6-85 

13,000         6,793 
r3,ooo         6,864 

52-2 
53-0 

ass 
258 

5 

Js'^ 

s«;^ 

414 

11.000        4, 160 
w.ooo         2,78j 

34-6 

2J-J 

&, 

3» 

(4,000 

2-go 

12,.  00         3,fH5 

*S3 

5? 

>o4 

j; 

14.000 

63,000 

1*4,000 

?:S 

10,500         4,412 
13,100     1     7,2(t6 

42-f 
SS-6 

«i 

20,740 

170,000 

8-22 

13,100          8,2bi 

630 

IW*. 

^ 

ri 
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Table  giving  Sizes  and  Capacities  of  various  Ice-making  Plants. 

H.  H.  Kelly,  Jlu  Engineer,  New  York. 


Six©  of 
Engine. 

7X9 

Revs. 

Siseof 
Com- 
pressor. 

tSXio 

Sise  of  Blocks 
of  Ice. 

8X8X28 

Gallons  of 
x^      ,    Water  per 
Hour. 

1                     ' 
1    Tons  ot 
**-          Coal. 

• 

I 

1           No.  of 

Firemen. 

,          No.  of 

Labourers 

I 

1 

90 

!       3 

8X16 

80 

5X15 

8X15X28 

15 

I 

2 

2 

2 

5 

10x20 

75 

6X18 

8X15X28 

20 

'i 

2 

2 

2 

lO 

12x30 

70 

8X20  1 

11X22x28 
11X11X28 

|30 

2 

2 

2 

3 

14X30 

65 

8X25  I 

11X22X28 
11X11X28 

}35 

n 

2 

2 

3 

1 

"5 

14X30 

65 

10X20  { 

11X22x28 
11X11X28 

|40 

3 

2 

2 

4 

20 

16x30 

55 

10X30  { 

11X22X28 
11X11X28 

50 

4          2 

2 

5 

30 

16x42 

52 

11X30  { 

11X22x28 
11X11X28 

}6o 

5 

2 

2 

6 

40 

18x36 

50 

12X30 

11X11X28 

90 

^i 

2 

2 

t 

45 

20X36 

50 

15X30 

11X11X28 

94 

8 

2 

2 

8 

60 

24X36 

45 

16X36 

11X11X28 

96 

10        2 

2 

9 

80 

26X48 

45 

20X36 

11X22X28 

100 

13 

2 

2 

10 

•  2,a 

X)poun 

ds. 

t  One 

cylindc 

?r. 

Brine  for   Use  in   Refrigerating   and   Ice-making   Plants. 

A  brine  suitable  for  the  above  purpose  can  be  made  with  from  3 
to  5  lbs.  of  chloride  of  calcium,  or  muriate  of  lime,  in  accordance  with 
its  degree  of  purity,  dissolved  in  each  gallon  of  water.  The  density  of 
this  solution  is  about  23°  Beaume,  its  weight  about  13 J  lbs.  per 
gallon,  and  the  freezing  point  is  — 9^  Fahr.  As  the  above  standard 
of  density  must  be  kept  up,  in  order  to  prevent  the  brine  from  becom- 
ing congealed  in  the  refrigerator,  or  the  ice-making  tanks  or  boxes,  it 
is  desirable  to  test  it  periodically  with  a  salinometer. 

In  the  best  American  practice  first  quality  medium  ground  salt, 
preferably  in  bags  for  convenience  of  handling,  is  employed,  the  pro 
portions  being  about  3  lbs.  of  salt  to  each  gallon  of  water.  The  brine 
is  made  in  a  brine  mixer,  such  as  that  shown  in  Fig.  341,  which  con- 
sists of  a  water-tight  box  or  tank  a,  about  4  ft.  x  8  ft.  x  2  ft,  having  a 
suitably  perforated  false  bottom  b,  and  a  small  compartment  c,  parti- 
tioned off  at  one  extremity,  communicating  with  the  main  compartment 
through  an  overflow  d,  situated  at  the  upper  end  of  the  partition, 
and  fitted  with  a  large  strainer,  to  prevent  the  passage  into  the  small 
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^P  compartment  of  salt  or  foreign  bo<lies.     The  water  U  admitted  tbrui^ 

^  a  pipe  E,  which  extends  into  the  tank  a,  and  runs  the  full  length  of  t! 

false  bottom,  the  latter  purtiun  being  perftiraied,  as  shown,  and  ti 
brine  is  removed  through  a  pipe  f,  from  the  upper  part  of  the  a 
compartment,  at  the  lower  extremiiy  of  whirh  latter  pipe  is  a  straine* 
box  and  strainer  through  which  the  brine  passes  before  ddiveiy  into  ihl 
brine-tank.  A  salt  gauge,  salinometer,  or  hydrometer  is  also  plaed 
in  this  en<l  compartmenl.  The  sketch  shown  is  from  o 
New  York  "  Engineer." 

The  salt  should  be  dissolved  in  the  water  until  it  reaches  a  densi^ 
of  about  90°  by  the  hj-dromeler.    To  facilitate  dissolution  it  is  de " 
ahle  to  stir  the  salt  in  the  mixer  with  some  handy  implement,  t 
salt  being  shovelled  in  as  fa.st  as  it  can  be  giA  to  dissolve. 

By  the  use  of  this  mixer  the  settlement  of  salt  on  the  bottom  ant 


.ical  L.ongilU(!inal  Cenlral  Stcliini. 
which  inevitably  results  when  the  t 


Fig.  341. — Brinf  Mixing  Tank, 
on  the  coils  in  the  brine  tank,  ■ 
solution  is  effected  directly  in  the  latter,  is  avoided. 

To  maintain  the  strength  of  the  brine  it  is  recommended  t 
bags   filled  with  sail  in  the  brine-tank,  or  to  pass  the  return  briw 
through  the  above-rlescribed  brine  maker  or  mixer. 

A  cheap  and  easily  constructed  apparatus  for  mixing  brine  c 
made  out  of  an  old  barrel  in  which  a  perforate.!  false  bottom  is  fixed 
a  short  distance  above  the  bottom,  the  water  to  form  the  solution  beings 
delivereil  to  the  space  between  the  two  bottoms,  and  an  overflow  pipe 
fitte.l  with  a  suitable  strainer  and  a  well  to  receive  a  salinometer  beiiij 
providetl  near  the  top  to  draw  off  the  brine. 

When   the  leniperaiure  falls  below    7    degrees  below  rero    Fahrv 
chloride  of  calcium  must  be  employed,  as  a  solution  of  comoKin  s 
can  only   be  reduced    to    7    degrees '  below  zem,   whilst   chloride  of 
calcium  can  be  cooled  down  to  39  ilegrees  below  inw  Fahr. 
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Storing,  Handling,  and  Selling  Ice. 

For  storing  purposes  ice  should  he  claar,  sfJid,  and  devoid  of  core. 
!n  America  some  persons  insist  that  ice  for  storage  should  not  he  made 
at  temijeratures  higher  than  io°  to  14°  in  brine  tank. 

The  first  requisite  for  a  storage  house  for  artificial  ice,  as  also  for 
natural  ice,  is  of  course  the  best  possible  insulation ;  other  necessary 
points  to  be  attended  to  are  drainage  and  ventilation.  The  best  shape 
for  an  ice  storage  house  is  square,  or  as  nearly  approaching  this  form 
as  possible,  and  the  roof  should  have  a  good  pitch.  An  ante-room  or 
lobby  is  aJso  desirable,  as  by  the  provision  of  this  latter  the  necessity 
for  the  frequent  opening  of  the  main  store  is  done  away  with. 

To  preserve  ihe  ice,  the  storage  room-s,  as  well  as  the  ante^'ham- 
bers  or  lobbies  must  be  refrigerated,  and  the  amount  of  the  latter  re- 
quired may  be  niughly  e.itimaterl,  according  to  Prnf.  Siebel,  at  from 
about  ten  to  sixteen  British  termal  units  of  refrigeration  per  cubic  feet 
conteits  for  twenty-four  hours.  About  one  foot  of  2-inch  pipe  (or  its 
equivalent  in  other  size  pipe)  per  fourteen  t<j  twenty  cubic  feet  of  space 
is  frequently  allowed,  says  the  same  gentleman,  in  ice  storage  houses 
for  direct  expansion,  and  about  one-half  to  one-third  more  for  brine 
circulation.  The  pipes  should  be  located  on  the  ceiling  of  the  ice 
storage  house. 

The  ventilation  of  an  ice  storage  house  should  be  carefully  attended 
to,  and  ventilators  fitted  with  suitable  regulators  should  be  provided 
both  in  the  highest  part  frf  the  roof  and  also  in  the  gable  ends.  The 
drainage  should  be  such  as  to  absolutely  prevent  the  accumulation  of 
any  moistim;  beneath  the  bed  of  ice.  It  is  recommeniled  to  paint  an 
ice  store  white,  preferably  with  a  mineral  such  as  baiytes,  or  patent 
white. 

Respecting  the  best  method  to  adopt  for  packing  the  ire  in  the 
store,  considerable  diversity  of  opinion  seems  to  exist.  It  is  well  to 
provide  a  bed  of  from  eighteen  inches  to  two  feet  of  cinders,  as  this 
tends  to  improve  the  drainage  of  the  house.  In  one  method  the  blocks 
are  placed  on  edge"  and  as  closely  packet!  together  as  possible,  the 
blocks  in  each  succeeding  layer  being  placed  exactly  over  those  beneath 
and  all  breaking  of  joints  being  avoideii  The  ice  is  coveretl  between 
the  times  of  storing  with  dr>-  sawdust  or  soft  wof»d  shavings,  and  the 
uppermost  layer  is  invariably  covered  wilh  dry  sawdust  or  shavings. 

Mr.  R.  Thompson,  writing  to  the  Canadian  Farming  World,  says 
that  in  filling  the-  house  he  [ilaces  the  ice  on  edge,  placing  ever>'  alter- 
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layer  crossways,  which  plan,  he  claims,  enables  ice  lo  keep  bettcf 

Others  recommend  that  the  ice  be  stored  with  alternate  ends  touch- 
ing and  alternately  from  t>ne  and  a  haJf  (n  two  inches  apart,  so  as  to 
prevent  the  ii.-e  from  freezing  together.  The  cakes  or  slabs  of  ice 
should  ndt  be  parallel  to  each  other,  and  storage  should  only  be  made 
when  the  temperature  is  at  or  below  freezing.  Or,  again,  J^-in.  strips 
placed  between  the  layers  of  ice  in  the  store  so  as  to  separate  the  cakes 
or  blocks,  top,  side,  and  bottom,  from  all  others  in  the  house. 

For  packing  the  ice,  sawdust,  rice  chaff,  straw,  hay — manb  or 
prairie  hay  being  said  to  be  preferable— are  employed.  Of  these  mate- 
rials hay  is  the  best,  rice  chaff  is  capable  of  being  dried  and  re-used. 
Six  inches  of  well  packeil  hay  should  be  placed  between  the  ice  and 
the  walls,  and  no  covering  until  the  store  is  full. 

A  cubic  foot  of  ice  is  taken  to  weigh  57'5  lbs.  approximately  at  3!"' 
Fahr.  A  cubic  foot  of  water  frozen  at  32"  will  make  I'oSss  cubic  foot 
of  ice,  thus  showing  an  expansion  of  8*5  per  cent,  due  to  freesing.  A 
cubic  foot  of  pure  water  at  39^'  Fahr.,  its  point  of  greatest  density, 
weighs  6243  lbs.  Fifty  cubic  feet  of  ice,  as  usually  stored,  equals 
about  one  American  or  short  ton  of  ice  (a, 000  lbs.),  or  6z  cubic  feel 
one  English  ton.  In  small  ice  houses  in  which  the  ice  is  closely 
packed,  a  short  ton  of  ire  can  be  got  into  from  40  to  45  cubic  feet. 

When  withdrawing  ice  from  a  .sture  breaking-out  bars  for  bottom 
and  side  breaking  are  required,  and  if  properly  skilled  assistance  is  nut 
available  a  considerable  amount  of  the  ice  will  in  all  probability  be 
broken  up  and  wasted. 

The  wastage  of  ice  in  an  ice  store  not  artificially  cooled,  from  Janu- 
ary to  July  is,  in  the  United  States,  at  the  rate  of  about  -i  pound  of  ice 
per  twenty-four  hours  for  each  square  fi.x>t  of  wall  surface,  or  say  from 
5  to  10  per  cent,  of  the  ire  stored  during  the  six  months. 

The  amount  of  heal  that  will  pass  through  a  square  foot  of  ice  one 
inch  in  thickness  is  put  at  10  British  thermal  units  per  hour  for  each 
degree  Fahrenheit  difference  between  the  respective  temperatures  od 
each  side  of  the  sheet  of  ice. 

In  handling  and  selling  ice,  the  waggons  should  be  clean  and  sani- 
tary, the  men  in  charge  should  avoid  walking  about  in  them  with  dirt>" 
boots,  and  blocks  of  ice  should  not  be  deposited  and  slid  about  on 
filthy  pavements.  These  matters  are  attended  to  in  the  United  States, 
but  here  they  are  totally  neglei^ted. 

In  the  Unitei]  Slates  the  selling  and  delivery  of  ice  is  generally  done 
by  the  coupon  system,  which  is  thus  described  by  Prof.  Siebel ;  "  It  is 
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a  system  of  keeping  aii  aci-urate  afcount  wiih  earh  customer  of  the  tie- 
livery  of  and  the  payment  for  ire  by  means  nf  a  small  hook  containing 
coupons,  which  in  the  aggri^ate  e^ual  500  or  1,000  or  more  pounds  of 
ice  taken  by  the  customer  e\ery  lime  ice  is  ileliverwi.     These  books  aie 


F'E-  54?.— I  S-Toii*  Per  Hour  Power  lee- crushing  Machim 


used  in  the  delivery  of  ice  in  like  manner  as  mileage  books  or  tickets 
are  used  on  the  railroad.  A  certain  number  of  coupons  are  printed  on 
each  page,  each  coupon  bring  separated  from  the  others  by  perforation, 
so  that  they  are  easily  detached  and  taken  up  by  the  driver,  when  ice  is 
delivered.     Such  book$  are  each  supplied  with  a  receipt  or  due  bill, 
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so  that  if  the  customer  purchases  his  ice  on  crevlit,  all  that  is  necessan 
for  the  dealer  to  ilo  is  to  have  the  custrnner  sign  the  receipt  (h-  due  I'ill 
anil  hand  him  the  book_containing  coupons  equal  in  the  aggregate  to 
the  number  uf  pounds  of  ice  set  forth  in  the  receipt  or  due  bill.  The 
dealer  then  has  the  receipt  or  due  bill,  and  the  customer  has  the  hook 
of  CdUpons.  The  only  entry  which  the  dealer  has  to  enter  against 
such  punhaser  in  his  books  is  to  charge  him  with  ccmpon  book  numhei. 
as  per  number  on  book,  to  the  amount  of  500,  1,000,  or  more  pounds  of 
ice,  as  the  value  of  the  book  so  delivered  may  be.  The  driver  then 
takes  up  the  coupons  as  he  delivers  the  ice  from  day  to  day.'' 

Ice-CfU5HINg  or  Breaking  MACHtNBsr. 

\  class  of  machine  required  in  most  modem  ice  factories  is  thai 

for  ice-cmshing  or  breaking.     There  are  numerous  uses  for  this  type  of 

machine,  but  probably  the  most  imfjottant  is  the  crushing  of  ice  for 
use  on  board  fishing  smacks  and  vessels,  where  it  would  be  compara- 
tively useless  in  large  solid  blocks,  and  must  be  crushed  or  broken  wp 
into  small  pieces  before  it  can  be  satisfactorily  employeti  for  the  pur- 
pose of  packing  the  lish.  This  latter  desideratum  likewise  applies  tn  ibe 
transport  of  fish  by  rail,  and  to  the  requirements  of  fishmongers,  hotels 
restaurants,  etc.  Fig.  34;  shows  a  belt-driven  machine  haxing  a  crush- 
ing capacity  of  1 5  tons  per  hour,  built  by  Messrs.  David  Bridge  and  Co., 
Castleton,  Manchester,  a  firm  that  have  madeaspeciality  irf thisclassof 
machinery.  The  machine  ct)nsists  essentially  of  a  suitable  hopper  to 
receive  the  blocks  or  pieces  of  ice,  and  a  pair  of  crushing  or  breaking 
rollers  provided  with  steel  spikes  arranged  in  such  a  manner  that 
the  ice  will  not  be  allowed  to  slip  or  slide,  and  the  breaking  operation 
will  consequently  commence  without  loss  of  time.  The  breaking  or 
crushing  rollers  are  suitably  geared,  an^i  the  bearings  are  independent, 
gun-metal  bushed,  and  provided  with  effective  lubricating  arrangements. 
An  excellent  feature  in  the  design  of  the  machine  is  that  all  the  patU 
are  so  arrangeii  as  to  be  readily  accessible  for  cleaning  and  repairs. 

Besides  the  machine  shown,  the  finn  also  make  various  other  siia 
of  power-driven  crushers  from  1 J^  tons  up  to  30  tons  per  hoiir, 
capacity,  as  well  as  small  hand-power  machinery  intended  for  the: 
use  of  fishmongers,  and  in  hotels,  restaurants,  or  anywhere,  in  fact, 
where  it  is  requiretl  to  crush  or  break  ice  from  the  block,  but  the 
demand  is  not  large.  These  latter  machines  are  made  in  throe 
sizes,  vij:.,  of  [o,  15,  and  25  cwt.  capacities.  Ice-rnishing  machines  an 
also  made  by  Mr.  C.  E.  Barton,  of  Grimsliy,  and  others. 
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MANAGEMENT. 
Ammonia  Compression  Machines. 

Every  particular  type  of  machine  working  on  this  principle  has,  as 
a  rule,  certain  distinctive  or  characteristic  features,  and  will,  of  course, 
so  far  at  least  as  these  are  concerned,  require  special  care  and  adjust- 
ment, and  it  would  consequently  be  totally  impossible  to  lay  down  an 
arbitrary  set  of  rules  for  working,  that  would  be  suitable  to  all ;  nor  is 
this  necessary  or  required,  as  full  particulars  relating  to  the  manipula- 
tion of  each  particular  machine  are  invariably  supplied  by  the  makers. 
The  following  i)oints,  however,  are  more  or  less  api^licable  to  all 
machines  working  on  the  ammonia  compression  principle,  and  should 
therefore  be  familiar  to  those  in  charge  of  same. 

Before  charging  an  empty  machine  with  anhydrous  ammonia,  all 
air  must  first  be  carefully  exi)elled.  This  is  effected  by  working  the 
pumps  so  as  to  discharge  the  air  through  special  valves  which  are 
usually  provided  on  the  pump  dome  for  that  purpose. 

The  entire  system  should  have  been  previously  to  this  thoroughly 
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lesced  by  working  the  compressor,  and  permuting  air  to  enter  at  the 
suction  through  the  special  valves  provided  for  that  purpose,  and  it 
should  be  perfectly  tight  at  300  lbs.  air  pressure  on  the  square  ii 
and  should  be  able  to  hold  that  pressure  without  loss.  Whilst  testing 
the  system  under  air  pressure  it  should  be  also  carefully  blown  through 
and  thoroughly  cleansed  from  all  dirt,  every  trace  of  moisture  being 
likewise  removed. 

It  is  totally  impossible  to  eject  all  air  from  the  plant  by  t 
the  compressor,  therefore  it  is  advisable  to  insert  the  requisite  charge 
of  ammonia  gradually  and  not  all  at  once,  the  best  practice  being  to 
put  in  from  6o  to  70  per  cent,  of  the  full  charge  at  first,  and  cautiously 
permit  the  air  still  remaining  to  escape  through  the  purging-cockj 
with  as  little  loss  of  gas  as  possible,  subsequently  inserting  an  additional 
quantity  of  ammonia  once  or  twice  a  day,  until  all  the  air  has  bee 
got  rid  of  by  displacement,  and  the  complete  charge  has  been  intro- 
duced. 

To  charge  the  machine,  the  dryer  or  dehydrator  of  the  apparatus 
for  manufacturing  or  generating  anhvdrous  ammonia,  or,  where  no  such 
apparatus  is  included  in  the  installation,  the  drum  or  iron  steel  flask 
of  anhydrous  ammonia,  should  be  connected,  through  a  suitable  pipe,  10 
the  charging  valve;  the  expansion  valve  must  be  then  closed,  and  the 
valve  communicating  with  the  dryer  or  dehydrator,  or  that  in  the  flask 
or  butile  opened.  The  machine  should  be  run  at  a  slow  speed  « 
sucking  ammonia  from  the  drier,  or  whilst  the  flask  is  being  emptiedi 
with  the  discharge  and  suction  valves  full  open,  in  the  latter  cas^ 
when  one  of  the  said  flasks  or  bottles  has  been  completely  emptied  it 
must  be  removed,  the  charging- valve  having  been  first  closed,  and 
another  placed  in  position,  until  the  machine  is  sufficiently  charged  to 
work,  when  the  charging- valve  should  be  finally  closed,  and  the  main 
expansion  valve  opened  and  regulated.  A  glass  gauge  upon  the  liquid' 
receiver  will  show  when  the  latter  is  partially  filled,  and  the  pressure 
gauges,  and  the  gradual  cooling  of  the  brine  in  the  refrigerator  {in  the 
case  of  a  brine  circulation  or  ice-making  apparatus),  and  the  expan^on 
pipe  leading  to  the  refrigerator  coils  becoming  covere<i  with  frosti 
indicate  when  a  suflicient  amount  to  start  working  has  been  inserted. 

It  is  sometimes  advisable  to  slightly  warm  the  vessels  or  bottles 
containing  the  anhydrous  ammonia  by  means  of  a  gas  jet,  or  in  somfr 
other  convenient  manner,  whilst  transferring  their  contents  to  thj 
machine,  as  otherwise  if  frost  forms  on  the  exterior  of  the  bottlfl 
thej'  will  not  be  completely  discharged,  and  loss  of  ammonia  wiB 
ensue. 
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The  flasks,  bottles,  or  other  receptacles  containing  the  anhydrous 
ammonia  should  be  always  kept  in  a.  tolerably  cool  and  a  perfectly 
safe  situation,  and  they  should  moreover  be  moved  and  handled  with 
the  utmost  caution  and  care. 

In  the  event  of  an  accident  occurring,  and  any  considerable  quan- 
tity of  the  ammonia  becoming  spilt,  it  is  well  to  remember  that  it  is  so 
extremely  soluble  in  water  that  one  part  of  the  latter  at  a  temperature 
of  60°  Fahr.  will  absorb  some  Soo  parts  of  the  ammonia  gas,  iheiefore 
water  should  be  employed  to  kill  or  neutralise  it,  and  any  person 
attempting  to  penetrate  an  atmosphere  saturateil  with  ihis  gas  should 
not  fail  to  place  a  cloth  well  saturated  with  water  over  his  nose 
and  mouth,  or.  better  still,  a  suital)le  helmet  or  respirator. 

The  machine  haWng  been  started,  and  the  regulating  valve  opened, 
it  is  essential  to  note  carefully  the  temperature  of  the  delivery  pipe  on 
the  compressor,  and  if  it  show's  a  tendency  to  heat  then  the 
r^uiating  valve  must  be  openeil  wider;  whilst,  on  the  contrary,  should 
it  become  cold,  the  valve  must  be  slightly  closed,  the  regulation 
or  adjustment  thereof  being  continued  until  the  normal  temperature  of 
the  above  pipe  is  the  same  as  that  of  the  cooling  water  leaving  the 
condenser.  When  the  charge  of  ammonia  in  the  machine  is  insuffi- 
cient, the  delivery  pipe  will  become  heated,  and  that  even  when  the 
regulating  valve  is  wide  open. 

There  are  many  additional  signs  of  the  healthy  working  of  the 
apparatus  other  than  the  fact  that  it  is  satisfactorily  performing  its 
proper  refrigerating  duty,  which  soon  become  easily  recognisable  to 
those  in  charge;  for  example,  ever)-  stroke  of  the  piston  will  be 
clearly  marked  by  a  corresponding  vibration  of  the  pointers  or  indexes 
of  the  pressure  and  vacuum  gauges.  The  frost  visible  on  the  eKierior 
of  the  ammonia  pipes  leading  to  and  from  the  refrigerator  will  be 
about  the  same.  The  liquid  ammonia  can  be  distinctly  heard  passing 
in  a  continuous  and  uninterrupted  stream  through  the  regulating  valve. 
The  temperature  of  the  condenser  will  be  about  15"^  higher  than  that 
of  the  cooling  water  running  from  the  overflow.  And  finally,  the 
temperature  of  the  {efrigerator  will  be  about  15"  lower  than  the  actual 
temperature  of  the  brine  or  water  being  cooleil. 

Air  will  find  its  way  into  the  system  through  leaky  stuffing  boxes, 
improper  regulation  of  the  expansion  valve,  etc.  Its  presence  in  any 
considerable  volume  is  shown  by  a  kind  of  whistling  noise,  the  liquid 
ammonia  passing  through  the  expansion  valve  in  an  intermittent 
manner,  a  rise  of  pressure  in  the  condenser,  and  also  loss  of  efficiency 
thereof,  and  other  obvious  signs.     In  this  case  the  air  must  be  got 
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H     rid  of  through  the  purpng-cocks  in  a  simitar  manner  to  that  which 
*        remains  in  the  system  when  first  charging  the  machine. 

The  presence  of  any  considerable  amount  of  oil  or  water  in  the 
system,  which  may  result  from  careless  distillation,  will  cause  a  reduc- 
tion in  efficiency,  and  will  be  evidencei]  by  sh<x:ks  within  the  com- 
pressor cylinder. 

The  temperature  can  be  reflated  either  by  running  the  machine  at 
a  higher  speed  or  by  increasing  the  back  pressure,  or  by  a  comliination 
of  both.  The  back  pressure  can  be  regulated  by  means  of  an  expan- 
sion valve  or  vaJves  fitted  between  the  receiver  and  the  refrigeiaior 
evaporating  coils  or  pipes  in  the  main  liquid  pipe. 

It  is  absolutely  necessar>  that  an  ample  supply  of  oil  for  lubri- 
cating purposes  be  forced  into  the  stuffing  box  of  the  compressi>r  at 
frequent  intenals,  otherwise  it  will  be  found  that  the  heated  am- 
moniacal  gas  at  high  pressure  will  verj'  rabidly  cut  through  eien  the 
very  best  packing.  Pure  mineral  oil  of  good  body  is  found  to  be  the 
best  lubricant ;  animal  anfl  vegetable  oils  should  nut  be  used,  as  nii 
contact  with  ammonia  the\  will  saponify,  and  much  trouble  and  loss 
will  ensue  therefrom. 

Another  matter  requiring  special  attention  is  the  proper  lift  of  the 
suction  and  discharge  valves,  and  these  should  invariably  be  provided 
with  suitable  means  for  admitting  of  the  lift  being  readily  adjusted. 
The  lift  should  not  be  too  high,  otherwise  the  valves  will  not  close 
with  sufficient  promptitude,  and  a  loss  of  efficiency  will  result,  and  that 
more  especially  in  compressors  running  at  high  speed. 

When  superheating  of  the  ammonia  gas  in  the  compressor  is 
guarded  against  by  the  circulation  of  cooling  water  through  a  jacket 
surrounding  the  latter,  it  is  desirable  to  asceitain  the  proper  amount 
of  water  necessary  to  secure  the  best  results.  This  will,  of  course, 
varj'  with  the  condensing  jiressure,  about  a  gallons  of  water  jier  hour 
for  each  ton  of  refrigerating  effect  pet  day  of  24  hours  being  usually 
found  to  be  sufficient  for  low  condensing  pressures  of,  say,  from  95  to 
no  lbs.,  whilst,  on  the  other  hand,  with  a  high  condensing  pressure 
of  about  150  lbs.,  the  amount  will  have  to  be  increased  to  50  galli 
more  per  hour. 

The  larger  the  amount  of  cooling  water  that  is  employeii  in  the 
separator  jacket  the  better ;  and  this  water  need  not  be  wasted,  as  U 
may  be  conducted  through  a  suitable  overflow  into  the  condenser,  and 
utihsed  together  with  that  delivere<l  specially  thereto.  The  overflow 
pijw  conducting  this  water  to  the  condenser  should  preferably  dip 
down  for  a  certain  distance  into  the  condenser. 
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Respecting  the  quantity  and  temperature  of  the  cooling  water  for 
ihe  condenser,  it  must  be  remembereil  the  lower  the  temperature  of  the 
coiidensaJ  ammonia  the  less  will  be  the  pressure  against  which  the 
compressor  has  to  work,  and  consequentiv  the  greater  will  be  the  sav- 
ing in  fuel  ajid  in  wear  and  tsar  to  the  moving  parts. 

The  amount  of  condensing  water  required  will  vaiy  in  accordance 
with  the  temperature  at  which  it  is  run  from  the  condenser ;  for  in- 
stance, if  the  condensing  water  be  run  into  the  condenser  at  a 
temjierature  of  about  60"  Fahr,,  and  leaves  at  the  overflow  or  waste 
at  a  temperature  of  say  90°  Fahr.,  the  quantity  of  water  required 
will  be  about  1  gallon  per  minute  for  each  ice  capacity  of  one  ton 
per  twenty-four  hours;  whilst  if  the  temperature  of  the  overflow  or 
waste  were  75"  Fahr.,  the  original  temperature  at  the  inlet  being  the 
same  as  before,  the  amount  of  water  required  would  be  about  2*5  gal- 
lons per  minute  for  each  ice  capacity  of  one  twi  per  twenty-four  hours, 
and  a  reduction  of  about  40  lbs.  in  the  condensing  pressure  would  be 
effected.  In  large  towns  and  cities,  however,  where  the  water  from  the 
water  companies'  mains  has  to  be  used,  and  paid  heavily  for,  it  is  often 
doubtful  economy  to  attempt  to  reduce  the  temperature  of  the  con- 
densed ammonia  below  a  certain  point,  say  60°  Fahr.,  during  the 
winter  months,  and  70°  Fahr.  during  the  summer  months.  It  is  ob- 
vious that  when  a  high  price  has  to  be  paid  for  the  water  employed  for 
cooling  and  other  purposes,  every  effort  possible  should  be  made  to 
utilise  it  to  the  fullest  extent,  and,  with  this  end  in  view,  it  is  desirable 
to  use  the  overflow  water  from  the  ccmdenser  for  boiler-feeding  pur- 
poses, or  to  employ  some  means,  such  as.  a  cotrfing-tower,  for  saving 
that  which  would  be  otherwise  run  to  waste  and  be  completely  lost. 

To  prevent  loss  of  efficiency  from  heating  of  the  condensed  am- 
monia, it  is  advisable  that  the  recei^'er  and  piping  should  be  covered 
with  a  thick  layer  of  some  .suitable  non-conducting  material,  which  pre- 
caution is  the  more  necessary,  inasmuch  as  the  piping  generally 
passes  through  the  engine  ttxim,  and  consequently  the  temperature  of 
the  ammonia  is  not  infrequently  raised  as  much  as  aj",  above  that  at 
which  it  left  the  condenser,  before  it  enters  the  coils  or  pipes  of  the 
refrigerator,  which  causes  a  loss  of  about  1-5  per  cent  on  the  ice- 
making  capacity  of  the  machine.  The  pipes  convejing  the  ammonia 
gas  from  the  coils  or  pipes  of  the  refrigerator  to  the  compressor  shouli 
be  likewise  well  covereri  with  non-conducting  material,  .so  as  to  pre 
vent,  as  far  as  possible,  any  further  accession  of  heat  in  the  gas 
during  the  transit.  The  desirabititj-  of  this  will  be  readily  seen  when  it 
is  remembered  thai  the  refrigerating  capacity  of  a  machine  of  thil" 
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type  Is  dependent  upon  the  weight  of  ammonia  circulated,  and  that  the 
volume  of  a  given  weight  of  the  gas  increases  in  proportion  to  the 

elevation  of  its  temperature,  and  consequently  (he  higher  this  is  r^sed 
the  smaller  will  be  the  weight  of  the  gas  circulateil  or  dealt  with  by  the 
compressor,  although  the  volume  may  be  the  same. 


:s  OB  Collectors. 


In  the  case  of  a  compressor  wherdn  the  cylinder  is  cooled  by  a 
water  circulatirai  round  its  exterior  walls,  and  not  by  the  intro- 
duction of  cooling  liquid  to  the  interior  thereof,  a  certain  amount  of  the 
oil  employed  for  lubricating  purposes  will  gain  access  to  the  interior 
round  the  piston  rod,  and  this  nil  would,  unless  proper  means  be  taken 
to  prevent  it,  be  carried  through  the  discharge  valve  along  with  the 
ammonia  gas,  and,  after  first  passing  into  the  condenser,  would  finally 
gain  access  to  the  evaporating  or  expansion  coils  or  pipes  of  the  refri- 
gerator, and  also  stop  or  clog  up  the  expansion  valve,  and  otherwise 
reduce  the  efficiency  of  the  machine. 

-  The  methot.)  wnployed  for  recovering  any  oil  carried  over  with  the 
ammonia  gas  in  a  compressor  of  the  De  La  Vergne  type,  employing 
a  sealing,  cooling,  and  lubricating  liquid  in  the  cylinder,  has  been  al- 
ready mentioneil  when  dealing;  with  that  machine;  with  compressors 
wherein  other  means  are  employed  for  ensuring  a  complete  or  a  prac- 
tically complete  discharge  of  the  ammonia  at  each  stroke  of  the  piston, 
suitable  oil  separators  or  collectors  for  the  mechanical  separation  of  the 
oil  from  the  gas,  and  in  some  cases  rectifiers  are  used.  The  oil  sepa- 
rator, which  should  be  at  least  as  large  as  the  liquid  ammonia  receiver, 
is,  as  a  rule,  placed  in  the  main  pipe  between  the  compressor  and  the 
condenser.  Another  oil  separator  or  trap  is  frequently  fitte<l  on  the 
expansion  or  low  pressure  side  of  the  refrigeratdr,  usually  in  close  prox- 
imity to  the  inlet  lo  the  compressor  pump.  The  object  of  this  latter 
is  to  intercept  any  scale,  dirt,  etc.,  from  the  pipes,  and  prei'ent  its  gain- 
ing access  to  the  pump  cylinder  and  injuring  the  piston  and  valves. 
The  shells  of  these  separators  or  traps  are  usually  constructed  of 
wnwight-irMi  or  steel,  and  it  is  essential  to  have  perfectly  gas-tight 
joints. 

The  separator  or  oil  collector  frequently  supplied  consists  merely 
in  a  cylindrical  vessel  into  which  the  ammonia  gas  is  conducted  at  one 
extremity  and  leaves  at  the  other.  The  inlet  and  outlet  being  Mtt*- 
ated  at  some  inches  from  the  ends  or  covers,  the  gas  is  supposed  to  be 
freed  frum  the  oil  carried  over  therewith  by  coming  in  contact  with  the 
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sides  of  the  rylinder,  and  it  passes  un  to  the  cunilenser,  whilst  the 
oil  falls  to  [he  bottom  of  the  vessel. 

A  better  form  of  separalor  is  that  wherein  baffles  or  plates,  de- 
scending vertically  to  slightly  below  the  rentre  of  the  cjlindrical  vessel, 
and  extending  alternately  nearly  but  not  quite  to  the  opposite  sides 
of  it,  are  eoiploye<J.  In  this  arranj-ement  the  gas  is  admitted  at  one 
side  of  the  cylinder,  and,  after  taking  a  zig-zag  course  between  the 
baffles  or  plates,  leaves  at  the  other  side.  A  very  considerable 
increase  of  contact  surface  is  thus  ensured  in  a  separator  of  this  type, 
a  modified  form  of  which  is  employeii  in  the  De  La  Vergne  system,  and 
the  separator  is  rendereil  considerably  more  efficient. 

The  gas  being  at  a  temperature  of  some  200°  Fahr.  when  passing 
through  the  separator  or  interceptor,  the  oil  contained  or  carried  over 
with  it  is  in  a  limpid  cimdition,  and  is,  therefore,  difficult  to  elimi- 
nate from  the  gas.  To  obviate  this  objection  the  separator  or  oil  col- 
lector is  sometimes  water- jacketed,  by  which  means  the  temperature 
can  be  maintaineiJ  low  enough  to  cause  the  oil  to  separate  easily  from 
the  gas  and  fall  to  the  bottom  of  the  cylinder  or  vessel.  By  this  ar- 
rangement its  efficiency  is  still  further  increase*!. 

Puplett  and  Bigg's  patent  separalor  or  interceptor  has  been  "al- 
ready described  in  a  previous  chapter,  and  cenlnfugal  oil  separators 
have  also  been  used  with  some  success.  A  type  of  oil  separator  re- 
commended by  some  makers  is  fitted  with  an  arrangement  of  wire 
screens. 

A  separator  of  this  latter  type  was  patented  in  1887  by  S.  Puplett 
and  J.  L.  Rigg,  which  consisted  of  a  cylindrical  vessel  having  a  water- 
jacket  through  which  a  circulation  of  cooling  water  is  maintained,  and 
provided  centrally  with  two  or  more  sheets  or  screens  of  wire  gauze 
or  perforated  sheet  metal,  by  which  the  cylindrical  vessel  or  cham- 
ber is  divideij  vertically  into  two  compartments.  The  gas  from^the 
compression  pump  is  discharged  into  this  vessel  or  chamber  against  the 
sheets  or  screens,  and  is  forced  through  the  interstices  or  meshes,  the 
surface  contact  separating  the  oil,  held  in  mechanical  suspension,  from 
the  gas.  The  separator  being  maintained  at  a  lower  temperature  than 
the  gas  by  means  of  the  above-mentioned  water-jacket,  a  rapid  conden- 
sation,of  any  oil  passing  over  with  the  gas  takes  place,  and  this  oil 
is  first  deposited  on  the  sheets  or  screens,  from  which  it  fails  to  the 
bottom  of  the  separator,  from  whence  it  can  be  drawn  off  thr<.iugh  a 
discharge-cock  fixed  therein,  without  stopping  the  machine,  and  v 
out  any  material  loss  of  gas  or  admission  of  air  occurring. 

To  catch  any  oil  that  may  pass  down  the  return-liquid  pipe,  an  li 
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ceplor  is  attached  to  the  latter  in  any  convenient  position,  but  pre 
ferably  as  near  as  possible  to  the  rrfrigerator.  This  interceptor  is 
formed  of  a  cylimiricaJ  vessel  having  a  diaphragm  e^lenJing  from  the 
cover  to  within  a  short  distance  of  the  bfittiim,  and  another  diafthragm 
extending  friMn  the  bottom  [hereof  to  within  a  short  distance  of  the 
cot'er,  thus  forming  three  rompartments.  The  return- liquid  pipe  passes 
through  the  cover  nearly,  but  not  quite,  to  the  hi>tti*m  of  the  intercep 
tor  on  one  side  of  ihe  first  <lia[)hra(;m — that  is  in  the  ouier  rompari- 
ment — and  is  ctAntinued  frcim  near  the  bottom  of  ihe  interceptor  lo 
beyond  the  second  diaphragm,  that  is  to  say,  out  of  the  third  compart- 
ment. Any  nil  that  passes  down  the  return  liquid  pipe  collects  in  the 
first  cfwnpartment  of  the  interceptor,  from  whence  it  can  be  withdrawn 
thn.>ugli  a  cnok  fixe.l  in  the  first  compartment  without  stopping  the 
machine,  i>r  causing  an  appreciable  l(«s  of  gas  or  the  admission  of 
air  to  any  injurious  extent.  This  interceptor  is  preferably  jackete<], 
and  is  surrounderl  with,  and  maintained  at  a  suitable  temperature  bv 
means  of  cold  brine,  in  order  to  aid  in  separating  the  oil  from  the 
liquefiei)  gas. 

Eiei  the  f^est  of  the  ordinar>*  separators  or  oil  collectors  at  pre- 
sent in  common  use  are,  howe^'er.  more  or  less  defective  in  action,  and 
thijse  having  under  their  charge  expansion  coils  or  brine  coolers  are 
well  aware  (rf  the  fact  that  considerable  quantities  of  oil  gain  access 
to  the  exjwnsion  coils  or  the  ammonia  space  of  the  hrine  citJer  in  com- 
pression systems.  This  oil,  it  is  well  known,  is  a  great  drawback  to  the 
successful  working  of  the  system,  acting  as  an  irisulator  and  preventing 
the  efficient  transfer  of  heat  from  the  ammonia  to  the  pipe,  and  also 
occupying  a  considerable  jwirt  of  the  space  required  for  the  liquid  am- 
monia. The  oil  is  in  a  finely-divided  and  partially  vaporised  condi- 
tion, for  which  reason  the  ordinary  separators  fail  to  eliminate  it  from 
the  liquid  ammonia.  The  obvious  remedy  seems  to  be  to  so  construct 
the  separator  that  the  liquid  ammimia  will  be  cooled  before  passing  to 
the  expansion  valve  and  so  as  to  condense  the  oil  vapour  and  separate  i 
same  from  the  liquid  ammonia.  This  action  would  be  ensured  in  the 
oil  separator  shown  in  Fig.  343,  designed  by  Mr.  Gardner  T. 
Voorhees  S.B.,  M.A.S.M.E,,  which  was  lately  described  in 
"  Ice  and  Refrigeration."  The  Hquid  ammonia  from  the  con- 
denser, after  passing  through  the  gas  trap,  then  passes  by  pipe  a. 
into  the  spare  b.  of  the  separator.  Here  the  velocity  of  the  liquid 
ammonia  is  reiluce.l  by  the  large  flow  area  of  the  separator.  The  am-  ' 
monia  flows  slowly  over  the  outer  surface  of  the  coil  c.  This  coil  is 
as  cold  as  the  cold  hquid  ammonia  after  it  has  passeil  the  expansion 
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Yalve.  This  cold  coil  conls  the  whole  body  of  the  liquii!  ammonia  in 
the  separator,  and  the  oil  separates  out  in  small  globules,  as  shown, 
and  settles  to  the  bottom  of  the  separator. 

The  liquid  ammonia,  now  free  from  oil,  passes  out  by  the  pipe  d,  lo 
the  expansion  valve  d*,  and  expands  through  the  coil  c,  passing  out 


ir  to  the  ammonia  space  in 
the  glass  of  the  automatic 


through  the  pipe  e  to  the  expansi 
the  brine  cwiler.  The  oil  can  b 
gauge-cocks,  ami  can  be  itrawn 
off  from  time  to  lime  through 
the  pipe  f  and  the  valve  c. 
The  separator  can  be  insulateii 
or  not,  as  desireii.  If  insulated 
the  only  loss  of  refrigeration 
would  be  a  neglectahle  small 
one  through  the  insulatifjn.  If 
uninsulated,  it  would  be  rela- 
tively small,  and  less  than  is 
often  found  in  uninsulated  liquid 
headers  and  expansion  valves, 

'■'g'  344  shows  a  modifierl 
arrangement  of  the  catch-alls  or 
interceptors  employed  on  the 
Yar^an  patent  evapiirators, 
which,  the  author  thinks,  would, 
in  all  probability,  ensure  a  very 
perfect  elimination  of  the  oil. 
As  will  be  seen  from  the  illus- 
tration it  consists  in  a  cylinder 
A,  which  is  water- jacketed  as 
shown  at  a',  and  divideil  into 
two  compartments  by  a  tube- 
plate  or  partition  b,  from  whit  h 
project    lulies    c,    C,    whith    ex  ^  '  I  "^ '- 

tend  round  the  gas  outlet  pipe 

D,  and  extend  nearlv  but  not  quite  to  the  end  of  the  cylinder, 
the  outlet  pipe  exti-ndrng  nito  (he  tylmder  for  a  distance  equal 
to  alwui  half  the  length  of  the  tubes  e  is  the  inlet  pipe 
through  which  the  ammonia  gas  and  the  particles  of  oil  carried 
therewith  are  delivered  into  the  first  chamber  of  the  separator  or  oil 
collector,  f  is  a  wire  gau7e  or  perforated  screen  or  diaphragm,  and 
f',  f',  are   baffle    or  check  [ilates  which  extend  alternately  to  within 
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close  proximity  to  the  uppcisite  sides  uf  the  cylinder.  A  clearance  is 
likewise  provided  at  the  bottom  of  each  of  the  baffle  or  check-plates 
F,  and  of  the  partition  or  tube-p]ate  b,  to  allow  of  the  free  passage 
of  the  oil  from  the  first  rompajlmenC  or  chamber  to  a  well  fonneH  in 
the  bottom  of  the  separator  cylinder  A ;  G  is  a  pipe  leading  from  this 
well,  through  which  the  oil  can  be  drawn  off  when  required ;  h,  m", 
are  respectively  the  inlet  and  outlet  pipes  for  the  cooling  water  to  the 
water-jacket. 

In  operation  the  gas  anil  oil  enter  the  firet  chamber  or  compart- 
ment of  the  separator,  and  pass  to  the  tubes  C,  through  the  wire  gaiue 
diaphragm  F,  and  taking  a  zig-zag  course  from  side  to  side  of  the 
separator  past  the  baffle  or  check-plates  f'.      A  large  proportion  of  the 
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oily  particles  strike  agamst  the  diaphragm,  and  the  check,  division, 
or  baffle-plates  f',  and  become  separated  from  the  gas,  finally  falling 
to  the  bottom  of  the  compartment,  and  passing  to  the  well  a'.  The 
partially  cleared  gas  then  passes  through  the  interior  of  the  open-ended 
tubes  c  into  the  second  chamber  or  compartment,  and  returns  along 
the  space  on  the  imtside  thereof  to  the  outlet  pipe  d,  the  remainder 
of  the  oily  particles  becoming  deposited  on  the  interior  and  exterior 
surfaces  fif  the  tubes  c,  and  nn  the  walls  of  the  compartment,  from 
which  they  likewise  fall,  and  are  collected  in  the  well  in  the  bottom 
of  the  latter.  The  s'ery  entenderl  surfaces  with  which  the  gas  thus 
comes  in  contact  during  its  passage  through  the  separator  or  collector, 
will  ensure  the  complete  deposition  of  the  oil  held  in  suspension  by  the 
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gas,  and  the  latter  will  finally  pass  out  from  the  separator  or  oil 
collector  at  the  outlet  pipe  d  completely,  or  practically  completely, 
freed  therefrom. 

The  separator  or  oil  collector  is  sometimes  so  connected  with  the 
compressor  that  the  oil  can  be  used  over  again;  this,  however,  is 
objectionable  in  the  case  of  a  double-action  compressor,  as  the 
connection  is  liable  to  become  choked  with  pieces  of  packing  that  find 
their  way  into  the  separator.  When  a  rectifier  is  used,  the  separator 
is  in  some  instances  connected  therewith  through  a  rotary  cock, 
operated  from  the  main  shaft  by  means  of  a  band,  which  cock  is  kept 
constantly  working  discharging  a  small  quantity  of  oil  at  each  revolu- 
tion into  the  rectifier,  so  long  as  any  remains  in  the  separator.  The 
failure  of  oil  in  the  separator  is  indicated  by  the  connecting  pipe 
between  the  latter  and  the  separator  becoming  covered  with  frost,  when 
the  cock  must  be  immediately  thrown  out  of  gear  and  the  oil  allowed 
to  accumulate  in  the  separator  before  re-starting  it.  When  the 
separator  is  connected  directly  with  the  rectifier  the  cock  in  the 
connecting  pipe  should  be  opened  periodically,  say  about  every  twelve 
hours.  The  oil  may  be  discharged  from  the  rectifier  at  about  similar 
intervals,  and  the  amount  of  oil  that  is  found  to  be  entering  the  com- 
pressor cylinder  is  an  index  to  the  state  of  the  packing  in  the  stuffing 
box,  a  large  quantity  being  a  certain  sign  that  it  requires  renewal  or 
seeing  to.  It  is  most  important  that  the  separator  or  oil  collector  be 
cleaned  out  at  pretty  frequent  and  regular  intervals. 

The  liquid  ammonia  receiver  is  invariably  located  below  the  con- 
denser, a  supply  pipe  being  led  from  it  to  the  evaporator  or  refrigerator 
governed  by  the  expansion  cock  or  valve. 

Fig.  345  illustrates  a  type  of  ammonia  receiver  and  oil  trap  made 
by  the  Triumph  Ice  Machine  Company,  The  pipe  shown  passing 
through  the  vessel  is  the  suction  pipe  to  the  compressor  pump  cylinder, 
and  when  this  pipe  becomes  coated  with  frost,  it  materially  assists  in 
cooling  the  liquid  ammonia,  and  thereby  greatly  increasing  the  effi- 
ciency of  the  plant.  At  the  top  of  the  receptacle  is  a  wire  gauze 
strainer,  shown  in  plan  on  the  left-hand  side  of  the  drawing,  which 
prevents  foreign  bodies  and  impurities  from  gaining  access  to  the 
system. 

Accumulations  of  Deposit  in  the  Condenser. 

It  not  infrequently  happens  that  deposit  accumulates  on  the  ex- 
terior surface  of  the  condenser  coils  from  sediment  in  the  water,  and 
on  the  interior  surface  thereof  from   oil  and   foreign   bodies.     Th 
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smaller  ammonia  pipes  may  sometimes  become  filled  with  obstructions 
to  the  extent  of  completely  bkipking  them  up.  These  bmiies  may 
consist  of  lumps  of  solder  f>r  other  matter  accidentally  left  in  the 
lubes  when  making  the  joints,  or  of  pieces  of  packing  from  the  stuffing- 
box  earned  t>vcr  with  the  gas.  The  deposit  or  furring  of  the  condenser 
coils  or  pipes  is  objectionable  inasmuch  as  it  acts  as  a  non-conducting 
covering,  and  prevents  them  from  freely  transferring  the  heat  to  the 
cooling  water,  and  the  choking  of  other  conduits  is  likewise  followed  by 
corresponding  loss  of  efficiency,  for  example,  that  of  one  of  those  lead- 
ing to  one  of  the  refrigerator  coils  or  sets  of  pipes  will  result  in  the 
latter  not  acting  at  all,  or  only  very  slightly.  Complete  choking  up 
or  obstruction  of  one  of  these  latter  conduits  is  evidenced  by  that 
particular  pipe,  and  also  the  corresponding  return  pipe,  not  becoming 
covered  with  frost  at  all,  or  only  so  to  a  verj-  small  extent;  and  a  slightly 
less  degree  of  frost  upi>n  any  of  the^e  pipes  indicates  partial  choking 
or  obstruction,  and  a  consequent  very  feeble  action  of  the  coil  or  set 
of  pipes. 

The  coils  or  pipes  in  the  condenser  should  be  frequently  cleaned 
on  the  exterior  with  a  suitable  brush,  and.  whenever  practicable, 
removed  at  fixetl  periods  and  carefully  scaled.  This  is  best  and  moat 
easily  effected  by  heating  the  tubes,  care  being  taken,  hf)wever,  not  to 
carry  such  heating  to  an  injurious  extent.  The  interior  surfaces  of  the 
tubes  can  be  cleansed  by  blowing  steam  through  them  at  a  con- 
siderable pressure.  To  clear  small  obstructions  from  a  conduit  leading 
to  one  of  the  refrigerator  coils  or  sets  of  pipes,  it  is  usually  sufficient 
to  turn  the  entire  stream  of  ampionia  into  it.  Should,  however,  the 
obstruction  prove  obstinate,  and  it  be  found  impossible  to  shift 
it  in  this  manner,  an  early  oppurtunili  must  be  taken  to  clear  it  by 
bUnving  steam  thrtJUgh  it.  Any  considerable  choking  of  the  conduits 
leading  to  the  refrigerator  coiis  is  followed  by  a  very  marked  decrease 
of  efficiency  in  the  latter. 

Breaking  Joints. 
Whenever  a  joint  has  to  be  broken,  and  any  portion  of  the  machine 
oj>ened  for  any  purpose  whatever,  it  is  absolutely  essential  that  the 
whole  of  the  ammonia  contained  in  that  pajt  should  be  pumped  or  trans- 
ferred to  another  part,  or  if  this  cannot  be  done  it  should  be  dis- 
charged, preferably  into  water,  which  can  readily  be  effected  by  means 
of  a  short  strong  inriiarubber  tube.  On  account  of  the  already-t 
tioneil  great  solubility  of  ammonia  in  water,  it  will  become  readily  ab- 
sorbed, if  the  vessel  into  which  it  is  discharged  be  kept  sufficiently 
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of  ihe  utmost  importance  that  the 
pressure  before  breaking  a  joint 


plenished  with  cool  watei 
rule  of  carefully  remoiing 
be  strictly  adhered  to. 

la  warm  weather,  or  in  hot  climates,  the  joints  will  require  con- 
stant attention,  and  periodical  inspection,  and  tightening  up  of  the 
bolts;  and  at  all  times,  even  in  the  winter  in  this  climate,  ihej  are  liable 
to  develop  leaks  through  the  working  of  the  machinery. 

Lubricating  Qualities,  etc.,  of  Ammonia. 
Ammonia  being  a  good  solvent,  and  having  no  effect  upon  iron  or 
steel,  the  parts  will  become  clean  and  free  from  deposit,  after  working 
for  a  short  period,  and  the  cylinder  and  piston  will  be  found  highly 
polished.  Ammonia  also  possesses  some  slight  lubricating  qualitJesi 
and,  thwefore,  after  starting,  no  other  lubricant  need  be  inttoduceil 
into  the  compres.sor  cylinder.  The  cylinder  covers,  as  also  the  vaJve 
box  covers,  should  be  occasionally  removed  and  a  thorough  inspection 
made  of  the  piston,  cylinder,  and  valves.  The  latter  are  exceedingly 
apt  to  become  cut  or  marked  by  fragments  of  scale,  and  require 
grinding  in  periodically. 

Compressor  Piston  Rod  Packings. 

A  properly  packed  piston-rod  will  remain  in  good  order  for  at  least 
six  months,  provided  the  rod  he  in  first-rate  condition  and  per- 
fectly true ;  under  contrary  conditions,  however,  trouble  wilt  be  experi- 
enced in  a  fortnight  or  less.  The  usual  precautions  to  be  observed  in 
order  to  properly  pack  a  steam  engine  or  other  stuffing  box,  which  arc 
well  known,  or  should  be  so,  to  those  in  charge  of  ammonia  plants, 
are  equally  applicable  in  the  case  of  the  compressor,  but  the  herrin- 
bef ore-mentioned  extensively  searching  nature  of  ammonia  gas  demands 
the  exertion  of  extra  care.  These  obser\'ations  apply  mure  especially 
in  the  case  of  a  double-acting  compressor. 

For  single-acting  compressors  metallic  packing  will  be  found  the 
best,  that  of  Victor  Duterne,  the  patent  for  which  expired  many  years 
ago,  being  an  excellent  one  for  the  purpose. 

A  single-acting  compressor  stuffing  box,  being  only  subjected  to  the 
suction  pressure,  that  is  to  say,  to  one  of  about  28  pounds  per  square 
inch,  or  even  less,  the  maintenance  of  a  tight  Joint  is  a  matter  of  com- 
parative facility.  With  a  double-acting  compressor,  however,  the  case 
is  different,  as  the  pressure  will  vary  from  1:5  lbs.  at  the  lowest  to  some- 
times as  much  as  180  lbs.  at  the  highest,  and  with  such  a  searching  gas 
as  ammonia  the  stuffing  box  is  a  |iart  likely  to  give  the  engineer  in 
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charge  at  least  as  much  concern  as  any  other  portion  of  the  machine. 
Should,  however,  the  piston-rod  be  in  first-rate  condition  and  per- 
fecily  true,  a  properly -packed  stuffing-box  will,  as  already  mentioned, 
enable  a  gas-tight  joint  to  be  maintained  for  six  months  or  more;  with 
the  opposite  state  ctf  things  leakage  will  probably  occur  in  a  fortnight  or 
less,  and  in  practice  the  rod  will  seldom  be  found  to  be  in  the  first-named 
stale  of  high  perfection,  consequently  the  joint  may  be  expected  to 
remain  tight  for  any  period  of  time  between  the  two  above  mentioned. 

The  stuffing  box  should  be  of  considerable  depth,  say  a  foot,  a 
clearance  of  from  half-inch  to  three-quarter  inch  being  left  between 
the  [Mston-roil  and  its  inner  wall.  Fig.  346  is  a  diagram  from  a  sketch 
gi^en  in  an  American  journal  showing  one  form  of  stuffing  box,  and 
method  of  packing,  from  which  it  will  be  seen  that  it  is  packed  in.  two 
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sections,  a  steel  lantern  A,  sirtme  inches  lung,  being  inserted  centrally 
in  the  stuflfii^  box  b,  with  packing,  c,  on  each  side  of  it. 

Double-acting  compressor  stuffing  boxes  are  best  packei.l  with  com- 
binations uf  packings,  metallic  packings  (which  are  found  ver\  suitable 
for  the  stuffing  boxes  of  single-acting  compressors)  not  giving  good 
results  with  the  former.  Many  of  the  special  and  patented  packings 
will  be  found  suitable.  PlaiteiJ  cotton  packing,  cut  into  suitable 
lengths,  and  inserted  in  the  form  of  rings,  may  be  employed,  it  being 
desirable,  however,  in  this  case  to  finish  off  with  a  couple  or  more 
rubber  insertion  rings. 

PackingSj  consisting  of  indiarubber  and  duck,  and  indeed  most 
packings  of  good  quality  containing  indiarubber,  are  suitable  when  the 
pislon-rod  is  in  good  order,  and  the  larger  the  proportion  of  rubber  the 
better,  as  the  ammonia  has  no  injuriniis  action  upon  the  latter,  only 
making  ii  .swell  and  become  sptingy,  and  thereby  enabling  a  gas-tight 
joint  tn  he  maintained  with  brii  a  trifling  amount  of  friction. 
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The  packing  should  he  driven  home  rightly,  piece  by  piece,  with 
a  packing  stick  made  iif  hard  wood,  and  a  mallet,  the  gland  being 
finally  screwed  on  by  hand  only,  so  as  to  allow  for  the  expansion  of  the 
packing.  TWs  latter  precaution  is  absolutely  necessary  in  order  to 
ensure  the  maximum  life  of  the  latter.  Whrai  lightening  up  the  gland 
care  must  he  taken  to  lio  so  equally  all  round,  and  not  to  screw  up  the 
nut  on  one  holi  more  than  on  any  of  the  others. 

Se\'eral  of  the  patented  systems  for  preventing  the  occiurence  of 
leakage  of  gas  taking  place  past  the  stuffing  box  have  been  described 
in  previous  chapters,  but  the  present  purpose  is  twily  to  endeavour  to 
show  how  a  good  job  can  be  made  with  onJinary  stuffing  boxes  anH 
packings. 

To  Charge  and  Work  .\  Carbonic  Acid  Machine. 

The  following  directions,  whilst  applying  more  tw  less  ta  all  carbonic 
acid  refrigerating  machines,  refer  more  especially  to  those  made  by 
Messrs.  J.  and  E.  Hal!,  Limited. 

Before  charging,  fill  the  compressor  with  glycerine  and  run  the 
machine  for  an  hour  or  two  with  all  the  valves  open  wide. 

To  charge  the  machine,  suspend  a  flask  of  CO.,  valve  upwards, 
from  a  spring  balance  and  connect  by  a  copper  wire  to  the  evaporator. 
See  that  connecting  joints  are  tight.  The  steel  flasks  contain  about 
40  lbs.  of  COi,  and  the  number  required  will,  of  course,  depend  upon 
the  size  of  ihe  machine. 

Open  the  \'alve  on  the  flask  and  on  evaporator.  The  difference 
in  weight  between  the  empty  and  full  flask  will  denote  the  weight  of 
CO3  that  has  passed  into  the  machine. 

After  the  flasks  are  half  empty,  warm  them  with  hot  water.  When 
empty  close  the  valve  whilst  the  flask  is  still  warm.  Should  any  COi 
remain,  it  will  be  cold,  and  at  the  lower  eKtremity. 

On  first  charging  a  new  machine,  blow  the  air  out  of  the  system 
by  breaking  the  joint  between  the  regulator  and  the  pipe  leading  to  it, 
the  regulator  being  closed  and  all  other  valves  open,  and  blow  two  or 
three  pounds  of  CO2  through. 

When  charging,  carefully  examine  all  joints  as  the  pressure  rises, 
using  soap  and  water  for  the  purpose. 

The  COj  gauges  on  condenser  and  evaporator  indicate  on  the 
outer  circle  the  pres.sure  in  atmospheres,  and  nn  the  inner  circle  the 
corresponding  temperatures  of  CO^. 

When  fully  charged,  start  the  machine  with  all  the  valves  open  and 
adjust  the  regulator  {i.e.,  the  inlet  valve  of  the  evaporator),  so  that  the 
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condenser  gauge  will  indicate  on  the  inner  circle  5*^  to  10°  above  the 
temperature  of  the  cooling  water  at  the  inlet  to  the  condenser^  and 
the  evaporator  gauge  10°  to  15°  below  the  temperature  of  the  brine 
or  water  to  be  cooled. 

Under  normal  working  conditions  the  compressor  should  be  cold 
or  partly  covered  with  snow, -antTthe  delivery  pipe  from  it  should  be 
rather  warmer  than  the  hand  can  comfortably  bear.  If  the  delivery 
pipe  is  not  hot  enough,  slightly  close  the  regulator,  when  the  tempera- 
ture will  quickly  rise.  If  the  compressor  becomes  warm,  it  points 
to  the  regulator  being  insufficiently  open. 

Should  it  be  impossible  to  secure  the  conditions  above-mentioned, 
the  system  is  short  of  gas.  To  further  test  this,  close  the  regulator, 
and  if  the  eVaporator  gauge  falls  rapidly  and  continuously,  the  system 
is  short  of  gas.  If  properly  charged,  the  gauge  should  remain  almost 
stationary  for  several  revolutions  of  the  machine.  Besides,  if  sufficient 
gas  be  present  in  the  system,  the  condenser  gauge  could  hardly  rise 
at  all,  even  after  working  two  minutes. 

When  short  of  gas,  or  in  doubt,  insert  more,  extra  gas  in  the 
system,  up  to  a  quarter  charge,  will  do  no  harm.  It  will  be  indicated 
by  the  condenser  gauge  showing  20  or  more  degrees  above  the  inlet 
water  temperature.  If  the  machine  be  short  of  gas  the  refrigerating 
work  done  will  be  but  a  fraction  of  its  proper  duty. 

The  temperature  of  the  brine  to  be  maintained  depends,  of 
course,  uix>n  the  refrigeration  that  is  to  be  performed. 

The  clearance  spaces  at  the  ends  of  the  compressor  being  small, 
they  must  be  maintained  equal  at  both  ends. 

The  hydraulic  leathers  forming  the  piston  packing  will  require 
examination  and  removal  occasionally,  and  it  is  particularly  necessary 
that  the  nut  securing  these  leathers  should  be  well  screwed  up  and 
locked.  After  putting  in  new  leathers  it  is  advisable,  two  days  after 
starting,  to  tighten  up  the  nut  agdn. 

The  suction  and  delivery  valves  should  be  examined  periodically. 
When  they  require  re-grinding,  spare  ones  may  be  put  in. 

In  machines  with  the  valve  seatings  making  double  joints,  see  that 
both  copper  rings  are  equally  crushed  by  the  valve  casing.  Leakage 
at  the  outer  joint  will  indicate  itself  outside,  but  at  the  inner  joint  will 
not  be  perceptible  except  in  reducing  the  work  done  by  the  machine. 

To  test  the  work  of  the  compressor,  close  the  regulator,  when 
the  evaporator  gauge  should  be  pumped  down  from  say  25  atmos- 
pheres to  5  atmospheres  in  about  200  revolutions.  If  slower,  either 
the  valves  or  the  pistons  are  fault}-. 

I  I 
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The  gland  is  parketi  with  two  hydraulic  battens,  between  which  a 
pressure  of  glycerine  is  maintained  by  means  of  the  special  lubricator 
provided.  The  gland  should  not  be  screwed  up  too  hard.  The 
lubricator  will  require  pumping  up  after  some  hours'  work,  and  when 
the  piston  has  moved  four  inches.  This,  however,  should  riot  orruf 
under  three  hours  if  the  gland  battens  ant!  compressor-rod  are  in  good 
order.  The  lubricator- valve  should  be  open  a  full  turn.  The  glycerine 
which  leaks  from  the  gland  should  be  caught,  and  after  filtering,  used 
again.  Gn-at  care  should  be  taken  to  keep  the  com  pressor- rod  free  from 
scratches  or  marks,  which  woulil  rapidly  destroy-  the  gland  leathers. 

If  short  of  leathers,  the  gland  may  he  temporarily  packed  with 
ordinary  tallowed  packing,  thus:  first  put  in  two  or  th^ee  turns  of 
packing,  then  the  spiral  ring,  and  then  fill  up  with  packing,  care  being 
taken  that  the  ring  comes  opposite  the  glycerine  outlet  when  ihe 
gland  is  screwed  up. 

Any  glycerine  passing  into  the  compressor  will  be  caught  in  the 
separator,  and  must  be  drawn  oflf  twice  daily  by  slacking  the  nut  at 
the  bottom,  and  after  filtering,  used  over  again. 

All  glycerine  used  should  be  free  from  water,  acid,  and  dirt. 

On  the  suction  side  of  the  compressor  is  a  strainer,  and,  with  a  new 
machine,  this  should  be  taken  out  and  cleaned  after  the  first  and  second 
day,  and  then  occasionally. 

When  stopping,  it  is  not  necessary  to  close  any  valves.  The  gauges 
will  then  equalise,  standing  at  the  pressure  of  the  evaporator.  Before 
starting,  care  should  be  taken  to  see  that  all  the  valves  are  open,  a 
safety  valve,  however,  is  provided  to  relieve  the  pressure  should  this  be 
n^lected. 

The  speed  will  vary  in  accordance  with  the  size  of  the  machine. 

It  is  particularly  necessary  that  all  pipes,  joints,  and  glands  of 
spindle-valves  should  be  carefully  examined  and  k^t  tighL  For  the 
first  few  days  especially  they  should  he  examined  daily,  and  all  liolts 
and  gland-nuts  screwed  hard  up.  The  most  minute  leak  should  be 
instantly  stopped. 

To  examine  the  compressor,  close  the  suctiwi  and  deliver^',  screw 
down  valves,  and  slack  off  a  joint  to  let  the  gas  escape.  Make  sure 
all  pressure  is  gone  before  opening  up. 

When  the  machine  is  stoppeil  for  a  week  or  more,  the  piston-rod 
shinild  be  withdrawn  and  niled,  or  painted  with  white  lead  and  tallow. 
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Freezing   or   Choking   op   of   Coupressiok   System. 

In  working  a  compression  machine  considwable  trouble  is  fre- 
quently experienced  owing  to  freezing  or  choking  up.  This  is  caused 
by  small  particles  of  moisture  entering  with  the  gas  from  the  compres- 
sor, or  from  the  escape  of  glycerine  or  oil  through  the  separator, 
which  gradually  accumulates  in  the  system,  and  finally  solidifies  at  the 
bottom  of  the  evaporator  or  refrigerator  coil,  or  at  the  expansion  or 
regulator  valve  or  cock.  The  latter  place  is  the  least  objectionable, 
and  as  a  general  rule  it  can  be  cleared  away  by  quickly  throwing  the 
valve  open  to  its  fullest  extent.  To  clear  the  evaporator  or  refrigerator 
coil,  a  cock  should  be  fitterl  to  the  evajxirator  or  refrigerator 
casing  or  shell  as  low  down  as  possible,  and  to  this  should  be  connecteil 
a  steam  pipe  or  hose  from  any  available  source  of  supply,  such  as 
a  drain-cock  on  the  steam  pipe  to  the  engine.  The  steam  should  be 
turned  on  slowly,  and  the  temperature  of  the  brine  in  the  evaporator 
or  refrigerator  raised  to  about  70°  Fahr.,  the  overflow  cock  from  the 
evaporator  to  the  brine  tank  being  opened.  The  effect  of  this  will  be 
to  liquefy  the  oil  on  the  interior  of  the  roil,  and  it  will  then  run  down 
to  the  bottom  of  the  latter,  where  the  eitpansion  valve  should  be  full 
opened,  so  as  to  communicate  with  the  condenser.  If  the  compressor 
be  then  slowly  started  in  the  ordinary*  manner,  in  about  half-an-hour  the 
oil  will  float  to  the  top  of  the  liquid  and  may  be  drawn  off  at  the 
separator. 

In  drawing  off  or  clearing  out  the  separator,  the  drain  valve  should 
be  prevented  from  getting  too  cold,  as  if  it  does  so  the  gas  will  come 
away  in  semi-solidified  form,  and  there  will  be  considerable  wastage. 
The  clearing  out  will  be  necessary  about  every  three  or  four  weeks,  and 
lasts  between  one  and  two  hours,  the  rise  of  efficiency  in  the  machine 
being  very  perceptible. 

In  charging  a  system,  it  is  always  desirable  to  pass  the  gas  from  the 
charging  cylinder  through  a  gas  driw,  so  as  to  thoroughly  cleanse  and 
extract  all  moisture  from  it.  This  drier  consists  of  a  vessel  fitted  with 
a  suitable  inlet  and  outlet  valve,  and  a  drain  or  purging  cock,  and 
charged  with  alternate  layers  of  chloride  of  calcium  and  cotton  wool. 

This  apparatus  can  be  also  used  for  tffe  cleansing  or  purification 
of  the  gas  already  in  the  system,  by  connecting  the  outlet  valve  on  the 
condenser  with  the  inlet  valve  on  the  drier,  closing  the  expansion  and 
condenser  outlet  valves,  and  disconnecting  the  pipe  between  them. 
Then  opjening  the  outlet  from  the  condenser,  inlet  to  the  drier,  outlet, 
and  charging  valve  on  the  lop  of  the  evaporator  or  refrigerator,  and 
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^P        by  working  the  compressor  very  slowly  any  impurities  in  the  gas  will 
be  taken  up  by  the  calcium  and  cotton-wool  in  the  drier. 
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Lubrication    of    Refrigerating    Machinery. 

This  important  point,  which  has  been  alreaily  touched  upon  in  pre- 
vious portions  of  this  work,  is  apt  to  be  as  much  rejected  by  users  of 
refrigerating  machinery  as  it  is  by  users  of  other  types  of  machinety. 
It  will  be  well  for  these  gentlemen  to  at  once  dismiss  fnjm  iheir  minds 
the  idea  that  low-pricei]  inferior  quality  oils  are  really  the  cheapest, 
and  understand  that  on  the  contrary  not  only  are  high  grade  oili 
necessary  to  ensure  the  highest  efficiency  of  the  machinery,  hut  that 
they  are  also  the  least  expensive  in  the  long  run. 

In  refrigerating  machinery  the  use  of  three  different  kinds  of  <hI  u ' 
demanded,  viz. . — 

Oil  for  the  steam  cylinder :  Good  cylinder  oil  is  entirely  free  from 
grit,  does  not  gum  up  the  valves  and  rylinder,  ami  does  not  evaitoraie 
rapidly  on  exposure  to  the  heat  of  the  steam.  The  quality  of  a  cylinder 
oil  is  demonstrated  on  removal  of  the  cylinder  head.  If  the  oil  is  of 
good  quality  the  wearing  surfaces  should  appear  well  coated  with 
lubricant,  which  will  not  show  a  gummy  deposit,  or  blacken  on  the 
application  of  clean  waste. 

Oil  for  general  use  on  all  the  bearings  and  wearing  surfaces  of  the 
machine  proper:  This  may  be  any  oil  that  will  not  gum,  is  not  too 
limpid,  possesses  a  goo*l  body,  is  free  from  grit  and  acids,  is  of  good 
wearing  quality,  and  flows  freely  from  the  oil  cups  at  a  fine  adjustment 
without  a  tendency  to  clog.  For  the  larger  bearings  it  is  well  to  use  a 
heaiier  grade  of  oil. 

Oil  for  use  in  compressor  pumps :  When  it  is  necessary  to  use  oil  in 
these  it  should  be  what  is  known  as  zero  oil,  or  cold  test  oil,  that  is  to  say, 
that  it  should  be  capable  of  withstanding  a  very  low  temperature,  with- 
out freezing,  and  it  should  be  the  best  quality.  American  maken 
recommend  the  use  of  the  beat  paraffin  oil,  and  clear  West  Virginia 
crude  oil. 

TESTING. 

The  object  of  testing  a  refrij;erating  plant  is  in  order  to  ascertain 
what  it  is  capable  of  performing  under  comparable  normal  conditioov 
and  as  regards  the  amount  of  refrigeration  producetl  in  relation  to  tho 
expenditure  of  work,  and  the  coal  consumption. 

To  determine  the  efficiency  of  an  installation  on  the  compres-sion 
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system,  the  following  fittings  are  required,  viz.,  an  indicator,  so  that 
diagrams  caji  be  taken  from  the  compressor;  stroke  counters,  to  enable 
the  number  of  strokes  made  by  the  steam-engine  and  brine  pumps  to 
be  ascertained;  and  mercury  wells  to  admit  iif  the  temperature  being 
obtained  at  various  points  throughout  the  system. 

In  making  a  test  it  is  desirable  thai  it  should  last  at  the  very  least 
fur  fully  Uvelve  hours,  and  it  is  better  to  carry  it  on  for  twenty-four 


Fig.  347. ^Mercury 
Well  for  Horizontal 
Pipe.   Verlkol  ISection. 


Fig:*.  3^8  and  J|i). -Mti- 
cury  Well  for  Vertical  V\\k. 
Vertical  and  Hurizunial  Sec- 


hours.  The  number  of  readings  which  it  is  desirable  should  be  taken 
from  the  various  inslnimetils  will  vary  in  accordance  with  whether 
or  not  the  wurk  is  steady  or  otherwise,  and  the  perei)n  carr^-ing  out 
the  lest  will  have,  of  course,  to  use  his  own  judgment  on  this 
head.  Where  artificial  ice  is  made,  for  example,  twice  an  hour  will  be 
sufficient,  whilst  on  the  other  hand,  four  or  more  readings  per  hour 
should  be  taken  in  rases  where  the  variiitiun  in  the  lenifjerature  of  the 
materials  to  be  couled  is  wide.     Indicator  diagrams  shouhl  be  taken 
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from  both  the  steam  engine  cylinder  and  the  compressor  cylinder  everj- 
two  hours. 

A  mercury  well,  for  a  horizontal  pipe,  when  the  latter  is  of  suffi- 
cient dimensitms,  js  shown  in  fig.  347.  It  consists  in  a  short  piece  of 
tubing  closed  at  its  lower  end,  and  fitted  into  the  pipe  by  means  of  a 
suitjjjje  bushing.  It  is  filled  about  three  parts  full  of  mercury,  and 
the  thermometer,  which  should  have  an  elongated  cylindrical  bulb,  is 
held  in  position  therein  by  means  of  a  perforated  cork.  For  vertical 
pipes,  or  pipes  of  very  small  dimensions,  where  this  arrangement  would 
be  impracticable,  the  well  is  recommended  by  Mr.  Redwood  lo  be 
Eormevl  (as  showTi  in  vertical  and  horizontal  section  in  Figs.  348  and 
349)  by  means  of  a  wooden  or  other  block,  one  ade  of  which  is 
shaped  to  the  outline  of  the  pipe  to  which  it  is  to  be  applied,  and  has 
a  suitaijle  recess  formeil  in  it.  This  block  is  firmly  secured  against  the 
[Mpe  by  metal  straps  in  such  a  manner  that  a  portion  of  the  wall  of  the 
well  wili  be  formed  by  the  pipe,  the  latter  being  scrapetj  perfectly  clean 
at  that  part.  The  joint  bet\veen  the  block  and  the  pipe  must  be  made 
perfectly  tight,  which  can  easily  be  effected  by  means  of  a  Hltle  white 
lead  paint,  as  there  is  no  pressure,  and  the  whole  should  be  surrounded 
by  a  thick  layer  of  non-conducting  composition,  through  which  the 
stem  of  the  thermometer  is  permitted  lo  project. 

The  points  in  the  system  where  it  is  desirable  to  locate  the  mercury 
wells  are : — The  suction  pipe  just  at  its  connection  with  the  compres- 
sor; the  discharge  pipe,  as  close  as  possible  to  its  connection  with  the 
compressor;  the  ammonia  discharge  pipe  from  the  cwidenser,  as  near 
the  latter  as  practicable.  Where  a  brine  circulation  is  employed : — 
The  pipe  or  manifold  supplying  the  various  coils  or  sets  of  pipes  in  the 
refrigerator;  the  dischai^e  pipe  of  the  refrigerator;  the  brine  discharge 
pipe,  at  the  point  where  it  connects  to  the  refrigerator;  and  the  brine 
return  pipe  in  proximity  to  where  it  connects  with  the  refrigerator. 

An  excess  condensing  pressure  is  invariably  foimd  in  ammonia  com- 
pression machines.  This  excess  of  the  actual  working  condensing  pres- 
sure over  the  theoretical  is  caused  by  the  ammonia  gas  being  impri- 
soned in  the  comparatively  confined  space  afforded  by  the  coils  or 
pipes  in  the  refrigerator,  and  the  excess  pressure  is  more  marked  in  a 
horizontal  compressor  running  at  a  high  speed  of,  say,  140  revolutiMis 
per  minute,  than  it  is  in  vertical  ones  having  only  a  low  speed  of  from 
35  to  60  revolutions  per  minute;  it  varies,  moreover,  in  almost  every 
make  of  compressor.  At  a  low  suction  pressure  of  about  15  lbs.  it 
should  not  be  more  than  10  lbs.,  but  with  a  suction  pressure  of,  say, 
a;  or  z8  lbs.  it  may  rise  to  50  lbs.,  or  even  more. 
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The  condenMng  pressure  affords  a  means  of  ascertaining  whether 
or  not  the  apparatus  contains  ihe  proper  full  charge  of  ammonia,  or  if 
ihe  losses  sustained  by  leakage  are  sufficient  to  render  it  necessary  lo 
insert  an  addhional  supply.  For  this  reason  it  is  advisable  for  the 
person  in  charge  to  keep  a  record  in  a  proper  book,  suitably  ruled  for 
the  purpose,  of  the  temperature  of  the  condensed  ammonia  when  leav- 
ing the  condenser,  and  also  of  the  condensing  and  suction  pressures, 
at  regular  intervals  of,  say,  three  hours.  This  will  enable  him  to  follow 
the  stale  of  the  ammonia  chaige;  for  example,  if  the  condensinj^  pres- 
sure is  found  to  be  gradually  falling  during  a  three  months'  period,  as 
compared  with  the  average  condensing  pressure  of  the  previous  three 
months,  whilst  at  the  same  time  the  condensing  temperature  and  the 
suction  pressure  remain  constant,  it  will  be  evident  that  the  charge  of 
ammonia  has  become  reduced  by  leakage  to  a  sufficient  extent  to  re- 
quire replenishing.  This  reiJuction  in  the  condensing  pressure  is 
caused  b)  the  diminution  in  the  charge  of  ammonia  giving  larger  con- 
denser space,  the  gas  having  thus  a  much  more  extended  worm,  coil,  or 
tube  space  wherein  to  condense  and  liquefy,  and  hence  the  decrease- 
As  a  general  rule  it  may  be  taken  that,  whenever  the  condensing  pres- 
sure is  found  to  have  fallen  about  8  lbs.,  enough  ammonia  to  restore 
the  original  condensing  pressure  should  be  inserted  into  the  machine. 

The  following  method  of  testing  the  capacity  of  a  refrigerating 
machine  is  given  by  Mr,  Constanz  Schmitz  in  the  Eis  und  Kaltc 
Industrie ; — 

"  In  testing  the  effective  capacity  and  the  consumption  of  power  of  a 
refrigerating  machine,  it  has  been  hitherto  usual  t<i  take  the  amount  of 
heat  removed  per  hour,  and  the  power  consumed  in  indicated  horse- 
power. This,  however,  does  not  afford  a  satisfactory  basis  upon  which 
to  judge  of  the  relative  merits  of  machines  under  test.  If,  for  example, 
the  theoretical  capacity  of  any  particular  refrigerating  machine  be 
taken,  it  will  be  found  in  every  instance  thai  this  caj>acity  will  not  be 
reached  in  practical  working." 

A  more  satisfactory  means  of  comparison  is  furnished  by  the  results 
obtained  from  a  large  number  of  caloric  production  and  power  con- 
sumption tests,  which,  however,  under  varying  working  conditions,  and 
for  different  sizes  of  the  machines,  will  not  be  found  to  correspond. 

To  avoid,  therefore,  jxissible  mistakes,  and  to  facilitate  the  work, 
the  caloric  production  and  the  consumption  of  power  should  be  reduced 
lo    a    special    unit,  and  for  this  purpose  the    following    method 
proposed : — 

It  is  expressed  in  the  following  manner: 


I 

i 


REFRIGERATION  AND   COLD  STORAGE. 

I.  Specific  refrigerating  efficieucy  =  y  sp. 
That    number   of  calories   which  is    indicated    per  i    cubic    metre 
hourly  volume  of  stroke  of  the  compressor,  in  the  evaporator. 
1.  Specific  consumption  of  power  =  N  sp. 
That  number  of   horse-power  which  is  indicated   in  the  air  com- 
pressor fur  jo.ooo  i-aluries  i;va|H)ratnr  iimduction. 

Let  a  compressor  have,  for  instance,  the  following  dimensions : — 
Cylinder  diameter   ...  ...     d  =  150  milliroelres. 

Piston  stroke  s  =  420  „ 

Piston  rod ...      8—55  „ 

Number   of  revolutions   per 

minute      n  =    65 

Then  its  hourly  volume  of  stroke  is  : 

V  =  i5.n.s.».  {zd^— S')  =  156-920  cubic  metres  (and  since  1,000 
cubic  decimetres  ^  i  cubic  metre,  also  1  litre  :^  i  cubic  decimetre  we 
have  :  V  =;  156,910  litres). 

Should  now  the  evaporator  productions  per  hour  be  found  by  Q  a  = 
63,75"  Cal.,  the  specific  refrigerating  efficiency  of  the  machine  will  be : 


156-9, 


^  ^P-  =  7^2  ^  4°^  '"■^'■ 


Should  at  the  same  time  during  the  caloric  trial  33-7  horse-powet  be 
indicated  in  the  compressor,  then  ilie  specific  consumption  of  power 
will  amount  to  ; 

N  f,p.  = 'bvT^ ^  ^"^^  horse-power. 

If  then,  in  addition  to  this,  the  evaporator  temperature,  that  is  the 
mean  temperature  of  the  volatile  cold-producing  agent  or  medium,  and 
the  liquefactioik  temperature  in  the  i-uiulenser  be  given,  four  figures 
afford  a  practical  demonstration  of  the  performance  of  the  macbine  in 
question. 

On  the  basis  of  the,=e  figures,  refrigerating  machines  may  be  con- 
veniently compared  as  regards  their  productive  capacity.  The  com- 
parison as  regards  the  specific  refrigerating  capacity  Q  sp.  is,  of  course, 
only  pfissibte  directly  between  machines  constructed  to  operate  on  Uie 
same  system,  while  the  comparison  as  regards  the  specific  amount  of 
power  requireii  is  rendered  directl)  possible  between  machines 'con- 
structed to  operate  on  any  system. 
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Interpretation   of   Compressor  Diagrams. 

The  interpretation  of  a  compressor  diagram  with  respect  to  the 
working,  valves,  defects,  etc.,  of  the  latter  are  given  as  follows  by  Hans 
Lorenz,  in  "  Neuere  Kiieklmaschinen,"  Muenchen  and  Leipzig,  1899. 

"  Assuming  all  the  parts  of  the  machine  to  be  in  good  order,  then  the 
diagram  will  have  the  general  appearance  shown  in  Fig.  350.     The  suc- 


vj... 


Fig.  350. — Diagram  from  Com- 
pressor in  good  order. 


^^g-  35  ^  • — Diagram  from  Com- 
pressor indicating  an  excessive 
amount  of  clearance. 


tion  line  s  is  only  slightly  below  the  suction  pressure  line  v,  and  the 
pressure  line  d  is  only  slightly  above  the  condenser  pressure  k.  Small 
projections  at  the  pressure  and  suction  line  indicate  the  work  required 
to  open  the  compressor  valves,  and  the  effect  of  clearance  is  shown 


Fig.  352. —Diagram  from  Com- 
pressor indicating  binding  of 
Pressure  Valve. 


Fig.  353. — Diagram  from  Com- 
pressor indicating  too  great  a 
resistance  in  Pressure  and  Suction 
Pipes. 


by  the  curve  R,  which  latter  cuts  the  back  pressure  line  after  the  piston 
has  commenced  to  perform  its  return  or  back  stroke,  and  consequently 
reduces  the  suction  volume  to  that  amount.  It  can  also  be  seen  from 
this  diagram  that  the  vapours  are  taken  in  by  the  compressor,  not  at  the 
back  pressure,  but  at  what  may  be  called  the  suction  pressure,  which  is 
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somewhat  lower.  This  is  the  reason  that  the  compression  curve  C, 
lUies  not  intersect  the  back  pressure  line  until  after  the  piston  has 
changed  its  direction  of  movement.  The  theoretical  volume  of  the 
compressor,  a£  indicated  by  the  line  v,  is  consequently  reduced  iu 
practical  working  for  vapours  possessing  a  certain  tension. 

In  Fig  351  is  .shown  a  diagram  taken  from  a  compressor  having  an 


jrindicaLingicakinRofCoin- 


excessive  amount  of  clearance.  In  this  case,  it  will  be  seen,  the  back 
expansion  line  r  passes  through  a  flat  course,  and  thereby  reduces  the 
useful  volume  of  the  compressor. 

Fig,  35i  is  a  diagram  which  indicates  the  binding  of  the  pressure 
valve,  which  may  be  due  to  an  inclined  position  of  the  guide-rod  of  the 


Fig.  J'i'i. — Diagram  from  Compre: 


c  packing  of  Piston. 


valve.  This  deficiency  also  frequently  causes  a  delay  in  the  opening  of 
the  pressure  valves,  a  state  of  things  indicated  by  a  too  great  projection 
in  the  pressure  line.  As  soon  as  the  valve  is  once  opened  the  pressure 
line  pursues  its  normal  course  until  the  piston  commences  its  return 
stroke,  when  the  <lefect  is  again  manifested  in  the  back  pressure  line, 
as  mentioned. 
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Fig-  353  shows  a  diagram  indicating  too  great  a  resistance  in  the 
pressure  and  suction  pipes  respectively,  when  the  valves  are  over- 
weighted. In  this  case  the  pressure  and  suction  lines  are  at  a  compara- 
tively great  distance  from  the  condenser  pressure  line  and  the  back 
pressure  line.  The  remedy  for  this  is  to  replace  the  valve  springs  by 
weaker  ones ;  and  should  there  be  then  no  marked  effect,  then  the  pipe 
lines  and  shutting-off  valves  should  be  inspected  and,  if  found  neces- 
sary', cleaned. 

Fig.  354  indicates  the  binding  of  the  suction  valve,  by  which  a 
considerable  decline  is  caused  in  the  pressure  at  the  beginning  of  the 
suction,  which  is  consequently  shown  by  an  increased  projection  in  the 
commencement  of  the  suction  line.  At  the  beginning  of  compression 
this  defect  makes  itself  felt  by  causing  a  delay  in  the  latter,  which 
effect  is  also  shown  on  this  diagram. 

Fig.  355  shows  leaking  of  the  compressor  valves.  In  this  diagram 
the  projections  in  the  compression  and  suction  line  do  not  appear,  but 
the  compression  line  gradually  merges  into  the  pressure  line,  and  the 
back  expansion  line  passes  gradually  into  the  suction  line.  If  the  leak 
in  the  pressure  valve  is  the  predominant  one,  then  the  compression 
curve  will  be  almost  in  a  straight  line  and  very  steep;  if,  on  the  con- 
trary', the  leak  in  the  suction  valve  is  the  predominant  one,  then  the 
compression  line  will  run  a  rather  flat  course. 

Fig.  356  indicates  that  the  piston  is  not  well  packed,  and  being 
leaky,  the  vapours  are  permitted  to  pass  from  one  side  of  the  piston 
to  the  other,  thus  causing  a  very  gradual  compression,  and  as  a  result 
a  compression  line  having  a  flat  course.  On  the  other  hand,  a  longer 
time  will  be  taken  before  the  suction  line  reaches  its  normal  level  on 
the  return  or  backward  stroke,  inasmuch  as  the  suction  valve  is  pre- 
vented from  opening  until  such  time  as  the  velocity  of  the  piston 
becomes  such,  that  the  amount  of  vapours  leaking  past  the  piston  is  in- 
sufficient in  amount  to  fill  the  suction  space.  The  pressure  then 
gradually  diminishes  and  the  suction  valve  then  begins  to  act,  as  is 
shown  on  the  diagram. 

It  is  to  be  understood  that  several  of  the  defects  above-mentioned 

may  exist  at  the  same  time. 

Leaks  in  Ammonia  Apparatus. 

Leaks  are  readily  detected  by  the  smell  of  the  escaping  ammonia  gas 
when  the  machine  is  being  filled  ;  at  a  later  stage,  when  working,  their 
detection  is  not  so  easy.     During  the  oi)eration  of  the  machine,  when 
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the  liquor  or  brine  in  the  tanks  cummences  to  smell  of  ammonia  it 
indicates  a  considerable  leakage.  It  is  recommended  to  test  the  liquor 
or  brine  periodically  with  Nessler's  solution  or  otherwise. 

Nessler's  reagent,  which  is  the  best  to  use  for  the  discovery  of 
traces  of  ammonia  in  water  or  brine,  consists  of  1 7  grms.  of  niercruric 
chloride  dissolved  in  about  300  cc.  of  distilled  water,  to  which  is  added 
35  gmis.  potassium  iodide  dissolveil  in  100  cc.  of  water,  and  constantly 
stirred  until  a  slight  permanent  red  precipitate  is  produceil.  To  the 
solution  thus  formed  is  added  1 20  gnns.  of  potassium  hydrate  dissol\-ed 
in  about  200  cc.  of  water,  allowed  to  cool  before  mjxiiig;  the  amount 
is  then  made  up  tt)  1  litre,  and  mercuric  chloride  added  until  a  per- 
manent precipitate  again  forms.  After  standing  for  a  sufficient  time, 
the  clear  soluUon  can  be  placed  in  glass- stoppered  blue  bottles  and  kept 
in  a  dark  place. 

If  a  few  drops  of  this  reagent  be  added  to  a  sample  of  the  sus- 
pected brine  or  water  in  a  test-tube,  or  other  small  vessel,  and  the 
slightest  trace  of  ammonia  is  present,  a  yellow  colourati<»i  of  the  liquid 
will  take  place;  a  large  quantity  of  ammonia  will  produce  a  dark-brown. 

When  the  leaks  are  comparatively  insignificant  they  can  be  closed  in 
the  usual  way,  by  solder,  using  as  a  flux  muriatic  or  hydrochloric  acid 
killed  with  zinc.  In  some  instances  electric  welding  may  be  resorted 
to  with  advantage,  or  the  leak  may  be  closed  by  means  of  a  ctwnposition 
of  litharge  and  glycerine  mixed  into  a  stiff  paste,  bound  with  sheet- 
rubber,  and  covered  with  sheet-iron  clampeJ  firmly  in  position.  When, 
however,  the  leai  is  at  alt  serious,  it  is  usually  the  better  plan  to  at 
*   once  put  in  a  new  coil,  or  a  new  length  of  pipe. 

Leaks   in   Carbonic   Acid   Machines. 

To  detect  these,  smear  the  joints  with  a  solution  of  soap  and  water, 
and  any  leakage  of  gas  will  be  evidenced  by  the  formation  trf  bubbles. 
Caibtm  dioxide  or  carbonic  acid  being  a  completely  inodorous  ga«, 
great  precautions  are  required  to  prevent  the  occurrence  of  leakage. 

MANAGEMENT  OF  COLD-AIR  MACHINES. 
The  proper  management  of  colil-air  machines  is  far  simpler  th»n 
that  of  those  working  on  other  principles,  the  exact  treatment  of  each 
particular  machine,  however,  \arj-ing  of  course  somewhat  with  the 
make.  In  all  machines,  however,  the  parts  most  liable  to  gi^-e  troi^le 
are  the  valves,  and  these,  as  also  the  pistons  and  slide  valves,  should 
be  periodically  tested,  and  any  defect  prompt!)  remedied. 
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Determination  of  Moisture  in  Air. — (Siebel.) 

The  moisture  in  the  atmosphere  may  be  determined  by  a 
wet  bulb  thermometer,  which  is  an  ordinary  thermometer  the 
bulb  of  which  is  covered  with  muslin  kept  wet,  and  which  is 
exposed  to  the  air,  the  moisture  of  which  is  to  be  ascertained.  Owing 
to  the  evaporation  of  the  water  on  the  muslin  the  thermometer  will 
shortly  acquire  a  stationary  temperature  which  is  always  lower  than 
that  of  the  surrounding  air  (except  when  the  latter  is  actually  saturated 
with  moisture).  If  /  is  the  temperature  of  the  atmosphere,  and  /*  the 
temperature  of  the  wet  bulb  thermometer  in  degrees  Celsius,  the 
tension  e,  of  the  aqueous  vapour  in  the  atmosphere  is  found  by  the 
formula — 

e  =  e^  —  0*00077  (/  —  t^)  h, 

e^  being  the  maximum  tension  of  aqueous  vapour  for  the  temperature  /* 
as  found  in  table,  and  //  the  barometric  height  in  millimeti^es. 

If  e^  is  the  maximum  tension  of  aqueous  vapour  for  the  temperature 
/,  the  degree  of  saturation  H,  is  expressed  by — 

and  the  dew  point  is  also  readily  found  in  the  same  table,  it  being  the 
temperature  corresponding  to  the  tension  e. 


PSYCHROMETERS. 

Instead  of  the  wet  bulb  thermometer  alone  it  is  more  convenient  to 
use  two  exact  thermometers  combined  (one  with  a  wet  bulb  and  the 
other  with  a  dry  bulb,  to  give  the  temperature  of  the  air),  to  determine 
the  hygrometric  condition  of  the  atmosphere,  or  of  the  air  in  a  room. 
Instruments  on  this  principle  can  be  readily  bought,  and  are  called 
psychrometers.  If  they  are  arranged  with  a  handle,  so  that  they  can 
be  whirled  around,  they  are  called  "  sling  psychrometers."  These 
permit  a  quicker  correct  reading  of  the  wet  bulb  thermometer  than  the 
plain  psychrometer,  in  which  the  thermometers  are  stationary  and  are 
impracticable  at  a  temperature  below  32°  Fahr.,  while  the  sling 
instrument  can  be  read  down  to  27°  Fahr. 
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The  hygrometer  of  Man'in  is  a  sling  psychrometer  of  improved  con- 
struction. 
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Hygrometers. 

While  the  term  hygrometer  applies  to  all  instruments  calculated  to 
ascertain  the  amount  of  moisture  in  the  air,  it  is  specifically  used  to 
designate  instruments  on  which  the  degree  of  humidity  can  be  read  off 
directly  on  a  scale  without  calculation  and  table.  Their  operation  is 
based  on  the  change  of  the  length  of  a  hair,  or  similar  hygroscopic  sub- 
stance, under  different  conditions  of  humidity. 

Table  giving  weights  of  aqueous  vapour  held  in  susi>ension  by  100 
lbs.  of  pure  dry  air  when  saturated,  at  different  temperatures,  and  under 
the  ordinary  atmospheric  pressure  of  299  in.  of  mercury. — Box  and 
lAghtfoot, 


WeiKht  of 
vapour. 


lbs. 

00350 
0-057d 
0*0918 
0-1418 
0*2265 

0-379 
0-561 
0-819 

1*179 
I -680 

2-361 
3-289 


Temper-    Weight  of 
ature.         vapour. 


Fahr. 
degs. 


lbs. 


102 

4*547 
6-253 

112 

122 

8584 

132 

11*771 

'42 

16-170 

152 

22-465 

162 

31713 

172 

4^'-3?8 

182 

71*300 

192 

122-643 

202 

280-230 

212 

Infinite 

N.B. — The  weight  in  lbs.  of  the  vapour  mixed  with  100  lbs.  of  pure 
air  at  any  given  temperature  and  pressure  is  given  by  the  tormula — 

62*3  E        29*9 


29-9  — E         / 

Where  E  =  elastic  force  of  the  vapour  at   the  given  temperature,  in 

inches  of  mercury  (to  be  taken  from  Tables). 
p  =.  absolute  pressure  in  inches  of  mercury. 
=  29*9  for  ordinary  atmospheric  pressure. 

Electrical  Temperature  Tell-Tales  and  Long  Distance 

Thermobieters. 

At  the  West  Smithfield  Cold  Meat  Stores  a  system  of  electric  tem- 
perature tell-tales,  designed  by  Mr.  C.  E.  Vernon,  were  put  in  in  189^ 
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^V  These  electrical  thermnmeters  were  on  the  multiple-wire  system.  Sis 
wires,  in  rnnjuiirtifin  with  a  Bregnet  spring  or  compniind  cml  of  harj 
Itrass  and  steel  cnnnecteti  hy  a  suitable  link  to  an  indsx  hand  or  pointer, 
were  requireil  for  a  range  of  11°  Fahr.  with  six  points  of  contact  with 
the  instrument  in  the  chamber,  and  a  six-drop  indicator  in  the  engine 
room.  ElcT'Cn  wires  w««  required  for  a  range  of  20"  Fahr.,  and  it  is 
evident  that  for  a  wide  range  the  multiplicity  of  wires  would  form  > 
serious  objection. 

On  the  three-wire  system  the  same  compound  ccril  trf  hard  brass 
and  steel  was  used.  Instead,  however,  of  a  connecting  link  and  movable 
hand  or  pointer,  the  loose  end  of  the  coil  had  attached  to  il  at  a  given 
distance  from  an  electromagnet  a  small  bar  of  iron,  and  by  reason  of  the 
unequal  expansion  and  contraction  of  the  two  metals,  the  distance 
between  the  bar  and  the  magnet  will  vary  in  accordance  with  the  tem- 
perature, and  the  amount  of  current  required  to  draw  down  the  bar  10 
the  magnet  will  be  measured  by  the  ampere-metre.  The  constnicljon 
of  this  latter  is  such  that  on  the  bar  touching  the  magnet  a'  second 
circuit  would  be  completed  and  the  hand  of  the  ampere-metre  striped 
at  a  given  point.  The  ampere-melre  is  caiebrated  and  maiked  off  into 
degrees  Fahrenheit,  and  a  wide  range  in  temperature  is  obtainable  with 
only  three  wires,  readable  at  any  distajice,  and  accurate  to  within  a 
d^ree. 

A  long  distance  thermometer  which  has  been  ertenavely  used  in 
Cold  Stores  is  that  devised  by  Mr.  A.  P.  Trotter.  In  this  instrument  a 
blind  stem  is  placed  aJongside  of  the  elongated  capillary  stem,  the  former 
having  at  its  further  end  a  scale-tube  corresponding  exactly  tn  that  of 
the  main  thermometer.  The  action  of  this  is  that  whatever  variation 
in  reading  was  produced  by  the  varying  temperatures  passeil  through  by 
the  elcmgated  capillary  stem,  the  Mind  stem  suffered  like  alterations  of. 
temperature,  and  a  shifting  scale  adjusted  by  a  thumb-screw  was  in  thii 
manner  established  by  means  of  which  the  fluciuations  of  the  main 
instrument  were  accurately  compensated  for. 

Thermographs. 
The  thermograph  or  registering  thermometer  is  a  very  useful  instru- 
ment which  enables  a  record  to  be  kept  of  the  esact  temperature  of  a. 
cold  store.  On  an  ordinary  pattern  of  instrument  the  record  paper  or 
card  is  secured  round  a  drum  or  cylindrically- shaped  body,  so  arranged 
that  it  will  be  slowly  rotated  by  a  train  of  clock-work,  which  Ukes  two 
weeks  to  run  down,  performing  in  this  space  nf  time  one  complete 
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revolution.  The  diameter  of  the  drum  is  3^  inches,  and  the  record 
fits  it  accurately,  the  ends  butting. 

Upon  this  record  card  or  paper  there  rests  gently  a  sloped  pen  hold- 
ing about  a  drop  of  ink,  this  pen  being  suspended  on  a  slender  arm 
attached  to  the  base  of  the  instnunent,  and  the  machanism  being  of 
such  a  nature  that  the  slightest  rise  or  fall  of  temperature  will  aifect  it, 
and  will  raise  or  lower  the  i>en  resting  against  the  record  paper  or  card 
upon  the  drum  or  cylinder. 

The  ink  line  will  start  from  the  top  and  thus  indicate  when  the 
instrument  was  placed  in  the  cold  store  or  room,  and  the  temperature 
will  fall  very  rapidly  at  first  and  afterwards  more  gradually  approximate 
itself  to  that  of  the  store. 

The  record  paper  or  card  is  ruled  with  horizontal  lines  showing  the 
temperature  in  degrees,  and  with  vertical  lines  showing  the  days  for  a 
period  of  two  weeks,  each  day  being  divided  into  six  watches  of  four 
hours  each,  viz.,  midnight,  4  and  8  a.m.,  noon,  4  and  8  p.m.,  and  mid- 
night again.  At  the  termination  of  every  two  weeks,  the  record  paper 
or  card,  now  forming  a  thermograph  chart,  must  be  removed,  the  clock- 
work of  the  instrument  be  re-wound,  and  a  new  record  paper  or  card 
placed  in  position  on  the  drum  or  cylinder. 


Correct  Relative   Humidity   for  a  given   Temperature  in 

Egg   Rooms. — {Madison   Cooper,) 


temperature  in 

relative  humidity 

degrees 

fahr. 

per  cent. 

28 

80 

29 

7« 

30 

7^> 

31 

74 

32 

71 

33 

69 

34 

^>7 

35 

65 

36 

62 

37 

60 

3« 

58 

39 

56 

40 

53 

K   K 

^ 

< 

4 

If 

« 
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Specific  Heat  and  Composition  of  Victuals. 


Specific 

Specific 

Latent     I 

Water. 

Solids. 

Heat  above  Heat  below 
Freciinff       Freeiinc 

Heat  of 
Freexing 

28-00 

Calc. 
0-77 

Calc. 

Calc. 

I^an  beef   . . 

72-00 

0-41 

102 

Fat  beef      . . 

5100 

49-00 

0-60 

034 

•      72 

Veal 

6300 

3700 

0-70 

039 

()0 

Kal  pork     . . 

39-00 

6i-oo 

0-51 

0-30 

55 

tt,V'* 

70-00 

3000 

0-76 

0-40 

100 

Pot  a  loo 

74-00 

26-00 

080 

0-42 

105 

Cabhago    . . 

c^lOO 

9  00 

003 

0-48 

129 

Carrots 

«30o 

17-00 

0-87 

045 

118 

Cream 

59-25 

3075 

0-68 

0  3» 

84 

Milk 

«7-50 

12-50 

0-()0 

0-47 

124 

Ovsters 

«o-3« 

19-62 

084 

0-4  ^ 

114 

White  fish  .. 

78-00 

22-00 

0-82 

043 

III 

Eels 

()2  07 

3793 

o-6<) 

038 

88 

Lobsters 

76-62 

23-3« 

0-81 

0-42 

108 

l*ij»eons        . , 

72-40 

27-60 

0-78 

0-41 

Poultry        . , 

7370 

26-30 

o-8o 

0-42 

■ 
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CHAPTER  XX. 
COST  OF  WORKING. 

Main  Items  of  Expense.— Absorption  Machines.-  Compression  Machines.— Vacuum 
Machines.— Cold -Air  Machines. — Cost  of  Ice-Making. 

The  cost  of  producing  cold  with  any  of  the  hereinbefore-described 
machines  must  of  necessity  vary  in  different  localities  in  accordance 
with  the  prices  of  material  and  labour,  and  even  in  the  same  district 
with  the  fluctuations  in  the  market,  consequently  any  estimates  made 
thereof  can  only  apply  to  the  particular  case  in  point,  and  in  others 
can  be  taken  as  approximate  only. 

The  main  items  of  expense  in  the  production  of  cold  by  artificial 
means,  are  fuel  and  skilled  and  other  labour  for  operating  the 
machinery,  and  in  the  manufacture  of  ice,  for  handling  the  latter.  The 
degree  of  economy  of  working  to  which  the  apparatus  has  been 
brought,  and  the  point  to  which  the  operation  thereof  has  been 
rendered  automatic,  will  naturally  tend  to  minimise  the  cost  of 
the  production  of  cold  and  of  ice-making,  and  the  latter  will  also  vary 
inversely  with  the  power  of  the  machine,  as  the  consumption  of  fuel 
and  the  number  of  attendants  necessary  to  work  the  machinery  do  not 
increase  in  a  ratio  corresponding  to  the  size  thereof,  and  consequently 
those  having  the  larger  outputs  require  proportionately  fewer  opera- 
tives. The  saving,  moreover,  under  this  latter  head  is  the  greatest  in 
the  more  exj>ensive  skilled  labour.  For  instance,  an  ammonia  machine 
on  either  the  absorption  or  compression  principle,  with  a  capacity  of 
I  ton  of  ice  per  twenty-four  hours,  requires  the  services  of  two  engine- 
drivers  and  two  labourers;  whilst  the  same  number  of  attendants  can 
likewise  work  a  2  or  a  5-ton  machine,  and  the  addition  of  a  single 
labourer  will  be  sufficient  for  either  a  yj^,  10,  or  12-ton  machine,  and 
of  three  labourers  for  a  28-ton  machine.  The  same  skilled  atten- 
dants are  sufficient  for  a  machine  having  an  output  of  50  tons  per 
twenty-four  hours. 

According  to  calculations  made  by  Mr.  ¥.  Colyer,  M.InstC.E.,  in 
1884,  from  observations  of  the  working  of  a  Pontifex-Wood  ammonia 
absorption  machine  of  a  capacity  of  20  tons  of  can  ice  per  twenty-four 
hours,  the  cost  of  making  ice,  taking  coals  at  London  price,  was  4s.  pd. 
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[icr  imi.  If,  however,  two  machines  were  used  the  price  would  be 
reduced  to  3s.  5d.  per  ton,  and  with  coals  at  Glasgow  price  the  cost 
would  be  further  lowered,  and  would  stand  respectively  at  3s.  yd.  and 
2S.  lod. 

The  cost  of  cooling  water  10'^  by  the  same  machine  he  estimated 
to  be   IS  of  a  penny  per  barrel  cooled. 

The  falfulations  from  which  these  figures  were  deduced  include 
the  cost  of  labour,  coals,  water,  oil  and  sundries,  repairs,  loss  of  am- 
monia, 5  per  cent,  interest  on  capital  invested,  and  an  allowance  of  4 
per  cent,  for  depreciation. 

The  cost  of  producing  clear  block  ice  in  this  country  with  an  am- 
monia machine  working  on  the  absorption  principle  is  given  at  a  some- 
what higher  figure*  by  Mr.  Lightfoot,  \\z.,  for  a  machine  of  15  tons 
capacity  per  twenty-four  hours  about  4s.  per  ton,  and  this  estimate, 
moreover,  is  made  on  the  assumption  that  good  coals  can  be  obtained 
at   15s.   per  ton,  and  is  exclusive  of  any  allowance  for  repairs  and 

The  cost  of  proriucing  ice  with  a  Pontifex-Wood  improved  ammonia 
absorption  machine,  is  stateil  by  the  makers  to  be,  for  a  machine  having 
a  capacit)  of  24  tons  per  twenty-four  hours,  allowing  for  labour,  coals, 
oil,  chemicals,  and  water  (taking  coals  at  10s.  a  ton  and  water  at  6d. 
per  1,000  gallons),  zs.  oji^d.  per  ton.  With  coals  at  30s.  a  ton  it  rises, 
however,  to  zs.  loj^d.  per  ton.  For  a  machine  with  a  capacity  of  15 
tons  per  twenty-four  hours,  it  is  respectively,  with  coals  at  the  above 
prices,  IS.  7^id.  and  3s.  7^d.  per  ton.  For  a  machine  with  a  capacity 
of  9  tons  per  twenty-four  hours,  3s.  ^d.  and  4s.  5^"^-  P^  'O"-  ^^'  * 
machine  with  a  capacity  ".-f  6  tons  per  twenty-four  hours,  4s.  5  Jvtl-  and 
5s.  8d.  per  ton.  Anil  for  a  machine  with  a  capacity  of  4  tons  per 
twenty-four  hours,  5s,  and  6s.  3d.  per  ton. 

According  to  Mr.  Lighlfoott  the  action  of,  and  losses  experienced 
in  working  an  ammonia  absorption  machine  are  as  follows : — 

"  Assuming  the  action  of  the  economiser  to  be  perfect — -which,  of 
course,  is  a  condition  never  met  with  in  practice — all  the  heat  given  out 
by  the  steam  in  the  general  or -coils  would  be  found  in  the  water  issuing 
from  the  condenser,  less  that  portion  directly  lost  by  radiation  and  con- 
duction. In  this  case  the  total  heat  expends..!  would  be  that  required 
to  vapiirise  the  ammonia,  and  the  water,  which,  in  the  form  of  steam, 
unavoidably  pa.sses  off  with  the  ammonia  to  the  rectifier  and  condenser: 
plus  the  heal  lost  by  radiation  and  conduction.  In  the  refrigerator' 
•  ■'  Proceedings,  InBlilution  of  Mcchiuxic.il  Enginecis,"  18S&,  p,  2ji. 
t  ■'  Proceedings,  Inslitution  of  Mechanical  Engineers.,"  l88b,  pp.  zio,  it\. 
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ihe  liquid  ammonia  in  becoming  vaporised  will  take  up  the  pret'ise 
quantity  nf  heat  that  was  given  off  during  its  cooling  and  liquefaction 
in  Ihe  Ciuidenser,  less  the  amount  due  to  difference  in  pressure,  and  less 
also  the  small  amount  due  to  the  difference  in  temperature  between  the 
vapour  entering  the  condenser  aiid  that  leaving  the  refrigerator.  Again, 
when  the  vapour  enters  into  solution  with  the  weak  liquor  in  the 
ahsiirber,  the  heat  taken  up  in  the  refrigerator  is  given  to  the  cooling 
water,  subject  to  slight  crirrei'tinns  for  differences  of  pressure  and  of 
temperature.  Supposing  there  were  no  losses  therefore,  the  heat  given 
up  by  the  steam  in  the  generator,  plus  that  taken  up  by  the  ammonia  in 
the  refrigeraii)r,  would  be  precisely  equal  to  the  amount  taken  off  by 
the  cooling  water  from  the  condenser,  plus  that  taken  off  from  the 
absorber.  The  sources  of  loss  are:  inefficiency  of  the  economiser; 
raiiiation  and  conduction  from  all  vessels  and  pipes  that  are  above 
normal  temperature;  useless  evaporation  of  water  which  passes  into 
the  rectifier  and  condenser;  conduction  of  heat  into  all  vessels  and 
pipes  that  are  below  nonnal  temperature;  water  passing  into  the  re- 
frigerator along  with  the  liquid  ammonia, 

"  It  will  have  been  seen  that  the  heat  demanded  from  the  steam  is 
ven'  much  greater  in  the  absorption  system  than  in  the  compression. 
This  is  chiefly  dtie  to  the  fact  that  in  the  absorption  system  the  heat 
of  vaporisation  acquired  in  the  refrigerator  is  rejected  in  the  absorljer; 
so  that  the  whole  heat  of  vaporisation  required  to  produce  the  ammonia 
vapour  prior  to  condensation,  has  to  he  supplieil  by  the  steam.  In 
the  compression  system  the  vapour  passes  direct  from  the  refrigerator 
to  the  pump,  and  pf>wer  has  to  be  evpended  merely  in  raising  the 
pressure  and  temperature  to  a  sufficient  degree  for  enabling  liquefac- 
tion to  occur  at  ordinary  temperatures.  On  the  other  hand,  a  great 
advantage  is  gained  in  the  absorption  machine  by  using  the  direct 
heat  of  the  steam  without  first  converting  it  into  mechanical  work ; 
for  in  this  way  its  latent  heat  of  vaporisation  can  be  utilised  by  con- 
densing the  steam  in  the  coils,  and  letting  it  escape  in  the  form  of 
water,  Rach  lb.  of  steam  passed  through  can  thus  be  made  to  give 
up  some  950  units  of  heat ;  while  in  the  steam  engine  using  2  lbs.  of 
coal  per  indicated  horse-power  per  hour,  about  160  units  only  are 
utilised  per  Hi.  of  steam,  without  allowance  for  mechanical  inefficiency. 
In  the  absorption  machine  also  the  cooling  water  has  to  take  up  about 
twice  as  much  heat  as  in  the  compression  system,  owing  to  the 
ammonia  being  twice  liquefied,  namely,  once  in  the  condenser  and 
once  in  the  absorber.  It  is  usual  to  p.^.'is  the  condensing  water  firsi 
through  the  condenser  and  then  through  the  absorber." 
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The  cost  of  ire-produrtion  with  machines  of  ihe  ammonia  com- 
'-  pression  type  is  somewhat  less  on  the  whole  than  with  those  working  on 
'  the  absorption  principle. 

The  estimate  given  liy  the  Pulsometer  Engineering  Company  as  the 
approximate  amount  i^er  ton  of  clear  or  crystal  ice  is,  cost  of  coals,  is., 
all  labour,  inrluiling  that  rA  getting  the  ice  out  of  the  tanks,  is.  ^d, 
and  cost  of  ammonia  lost  through  leakage,  etc.,  %A.  per  ton  of  ice 
made,  or  a  total  cost  of  2s.  ■s%<\-  per  ton.  If  an  allowance  of,  say. 
lod.  per  ton  be  added  to  this  for  interest  and  depreciation,  repairs  to 
machinery,  cost  of  water  supply  and  sundries,  this  would  increase  the 
cost  of  production  to  about  3s.  jd.  per  ton. 

Mr.  Lightfoot  states*  that  one  ton  of  coal  is  capable  of  producing 
as  much  as  12  tons  of  ice  in  well -constructed  ammonia  compression 
apparatus,  having  a  capacity  of  15  Ions  per  twenty-four  hours;  and 
with  coals  at  15s.  a  ton,  he  eslimates  the  cost  of  making  ire  by  the 
ammonia  compres.sion  system  at  about  33.  ^A.  per  ton  for  a  pro- 
duction of  15  tons  per  twenty-four  hours,  exclusive,  however,  of  any 
allowance  for  repairs  and  depreciation. 

The  estimate  given  for  the  total  cost  of  ice  per  ton,  made  by  a  Frick 
ammonia  compression  machine,  is,  for  a  daily  production  of  15  tons, 
5s.  zd.  per  ton  of  ice.  This  calculation,  however,  is  got  out  at  the 
much  higher  rate  of  wages  paid  in  America,  and  if  due  allowance  be 
made  for  this,  and  also  for  the  falling  off  in  eflirienry  of  the  machine, 
due  to  the  greater  heat  of  the  climate  in  summer,  the  cost  per  ton 
in  this  country  would  probably  be  something  under  4s.  If  the  capacit>' 
of  the  machine  he  100  tons  of  ice  per  day,  the  cost  per  ton  falls  10 
3s.  lid.,  or  allowing  for  the  larger  item  for  labour,  about  2s.  lod.  here. 

In  an  ether  compression  machine  Mr.  Lightfoot  accounts  for  the 
work  as  follows!  : — Friction.  Heat  rejected  during  compression. 
Heat  acquired  by  the  rrfrigerating  agent  in  passing  through  the  pump. 
Work  expended  in  discharging  the  compressed  vapour  from  the  pump. 
Again.st  this  he  sets  the  work  done  by  the  vapour  in  entering  the  pump. 
Assuming  that  vapour  alone  enters  the  pump,  the  heat  rejected  in  the 
condenser  he  states  to  be: — Heat  of  vaporisation  acquired  in  the  refri- 
gerator, with  the  correction  necessary  for  difference  in  pressure.  And 
the  heat  arqiiireil  in  the  pump,  less  the  amount  due  to  the  difference 
between  the  temperature  at  which  liquefaction  occurs,  and  that  at 
which  the  vapour  entered  the  pump,  and  less  also  the  amount  lost  by 
radiation  and  conduction  between  the  pump  and  the  condenser. 
'  ■■  Proceedings,  Inslilution  of  Mechanical  Engineers,"  1886,  p.  lit. 
t  "  Proceedings,  Io5li(ulioa  of  Mechnnical  Engineers,"  1886,  p,  114. 
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The  mechanical  work  expended  in  compressing  ammonia  is  to  be 
accounted  for  in  a  precisely  similar  manner  to  that  expended  in  the 
compression  of  ether. 

Notwithstanding,  however,  that  the  degree  of  compression  is  so 
much  greater  with  ammonia  than  with  ether,  the  energy  expended  in 
the  compression,  heating,  and  delivering  of  the  gas  is  less,  owing  to  the 
much  smaller  weight  of  ammonia  required  to  produce  a  given  refrigerat- 
ing effect,  the  weights  being  in  the  reverse  ratio  of  the  heats  of  vapor- 
isation, or  as  I  to  5-45.  For  this  reason  the  cost  of  making  ice  with 
ether  is  far  higher  than  with  ammonia,  and  assuming  the  coal  consump 
tion  per  indicated  horse-power  to  be  2  lb.  per  hour,  and  the  price  of 
coals  15s.  a  ton,  the  total  cost  of  producing  transparent  block 
ice  in  this  country  on  the  ether  system  would  be  about  5s.  per  ton,  ex- 
clusive of  any  allowance  for  repairs  and  depreciation.  The  production 
of  ice  would  be  about  83  tons  per  ton  of  coal  consumed. 

On  the  other  hand,  however,  as  already  mentioned,  ether  machines, 
by  reason  of  their  low  working  pressures  in  the  condensers,  offer  con- 
siderable advantages  in  hot  climates,  especially  in  the  case  of  machines 
with  small  outputs. 

The  expense  of  producing  ice  with  the  Tellier  and  Pictet  machines 
is  about  the  same.  The  results  obtained  with  Pictet's  special  liquid 
(combination  of  carbon  dioxide  and  sulphur  dioxide)  is  stated  to  equal 
a  production  of  35  tons  of  ice  per  ton  of  coal,  but  this  is  in  all  pro- 
bability far  in  excess  of  any  result  obtained  in  actual  working. 

It  will  be  obvious  that  the  arrangement  made  for  the  use  of  any 
particular  machine  acting  on  the  principle  of  the  abstraction  of  heat 
by  the  evaporation  of  a  separate  refrigerating  agent  of  a  more  or  less 
volatile  nature,  must  have  a  very  considerable  effect  upon  its  economi- 
cal working,  and  it  is  doubtless  owing  to  the  superiority  of  the  fixing 
and  manipulation  of  the  installation  that  so  much  better  results  are  occa- 
sionally obtained  in  one  case  than  in  another,  as,  these  things  being 
equal,  all  first-rate  machines  of  this  class  are  about  the  same  in  point 
of  economy.  In  relation  to  this  it  must  also  be  home  in  mind  that  the 
thickness  of  the  blo<  ks  of  ice  that  are  being  made  exercises  an  impor- 
tant influence  upon  the  time  occupied  in  their  production,  for  whereas 
a  block  3  in.  thick  can  be  frozen  in  eight  hours,  a  block  9  in.  in  thick- 
ness will  require  thirty-six  hours.  The  time  varying  also,  of  course, 
more  or  less  with  the  temperature  of  the  brine. 

The  cost  of  making  a  ton  of  opaque  and  porous  ice  with  a  vacuum 
machine  such  as  the  Windhausen  is  estimated*  by  Dr.  Hopkinson  at  4s. 
•  ♦  "  Journal  of  the  Society  of  Arts,"  1882,  vol.  xxi.,  p.  20. 
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The  amount  of  water  required  (including  that  used  for  cooling  pur- 
poses) is  stated*  by  Mr.  Pieper  to  be  from  lo  to  12  tons  per  ton  nf 
ice  prodiiceii,  and  the  fuel  consumption  i  ton  of  coal  for  every  12  tons 
of  ice.  The  fuel  is  required  for  the  generation  of  steam  to  drive  the 
vacuum  pump,  and  the  air  pump,  of  the  concentrator.  The  total  heat 
which  must  be  abstracted  to  produce  a  ton  of  ice  from  a  ton  of  water  at 
a  temperature  of  60°  Fahr.  is  383,144  units.  The  Windhauscn 
machine  is  heavy,  ami  takes  up  a  considerable  floor  space,  and  the 
necessary  outlay  for  keeping  it  in  an  efficient  state  of  repair,  even  under 
the  most  favourable  circumstances,  must  be  high. 

The  cost  of  making  opaque  ice  by  means  of  the  Harrison  (187S) 
patent  vacuum  apparatus  would  undoubtedly  be  lower  than  wilh  the 
Windhausen  machine,  as  the  larger  part  of  the  friction,  which  forms  a 
very  considerable  item  of  the  less  in  the  latter,  is  got  rid  of,  and  a 
corresponding  saving  of  fuel  is  thus  efTecte'I.  The  expenditure  of  fuel 
far  concentrating  the  acid  is  also  entirety  eliminated,  much  less  water 
is  required  for  cooling  purposes,  and  the  first  cost  and  subsequent  out- 
lay for  repairs,  etc,  are  likewise  much  less.  It  is  stated  that  ihe  in- 
ventor expected  to  be  able  to  produce  opaque  ice  on  a  large  scale  at  a 
cost  of  about  IS.  per  twi. 

The  outlay  per  ton  of  ice  made  on  the  system  of  abstracting  the 
heat  by  the  rapid  melting  or  liquefaction  of  a  solid  is  the  greatest,  ari'l 
so  much  so  that  for  producing  ice  on  a  commercial  scale  in  this  climate 
it  is  completely  out  of  the  running.  The  cost  of  making  1 5  tons  of  ice 
per  twenty-four  hours,  with  an  apparatus  working  on  a  substantially 
similar  principle  to  that  of  Sir  William  Siemens',  is  stated  to  be  7s.  per 
Ion  with  good  coals  at  15s.  a  ton,  and  not  making  any  allowance 
whatever  for  depreciation,  interest,  repairs,  etc. 

This  estimate,  moreover,  is  based  upon  the  erroneous  assumption 
thai  I  lb.  ol  coal  is  capable  of  evaporating  :;o  lbs.  of  water,  and  it  is 
undoubtedly  far  too  low.     According  to  Mr.  I.ightfoott : — 

"  Nearly  the  whole  of  the  coal  is  usei!  for  evaporating  the  water  in 
recovering  the  salt,  the  quantity  being  given  it  2%  tons  of  coal  for 
every  15  tons  of  ice.  If,  however,  this  has  been  calculated  on  an  eva- 
porative duty  of  2o  lbs.  of  water  per  lb.  of  coal,  the  amount  actually 
used  will  probably  be  about  5  tons  of  coal,  which  would  make  the  cost 
per  ton  of  ice  9s.  3d.  instead  of  7s.  On  the  other  hand,  it  must  be 
remembered  that  under  certain  climatic  conditions  much  of  the  water 
could  he  evaporated  in  the  open  aJr,  without  tha  use  of  fuel,  in  which 

•  "Transaclionii  of  the  Society  of  Engineers."  iB8»,  p.  HS- 

t  ■'  Procee^ngs,  Institution  01  Mechanical  Engineers,"  1886,  p.  304. 
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case  the  coal  consumption,  and  therefore  the  cost  of  ice  production, 
would  be  greatly  lessened." 

As  regards  the  capacity,  etc.,  of  cold-air  machines,  those  of  the 
Haslam  type  vary  from  an  ice  equivalent  of  one-third  of  a  ton,  requir- 
ing 4  indicated  horse-power  at  average  speed,  or  9  indicated 
horse-power  at  maximum  speed,  and  delivering  2,000  cubic  ft. 
per  hour  (capacity  of  compressor  in  cubic  ft.  per  hour,  2,500), 
up  to  an  ice  equivalent  of  60  tons,  requiring  460  indicated  horse-power 
at  average  speed,  or  566  indicated  horse-power  at  maximum  speetl,  and 
delivering  300,000  cubic  ft  of  air  per  hour  (capacity  of  compressor  in 
cubic  ft.  per  hour  353,000).  This  latter  machine  is  of  the  quadruple 
duplex  condensing  type. 

It  has  been  stated*  by  Mr.  Lightf(K)t  that  with  the  best  machines 
of  large  size  then  (1886)  made,  a  weight  of  1,000  lbs.  of  air  per  hour 
could  be  reduced  from  60°  above  to  80°  below  zero,  the  cooling  water 
being  at  60''  Fahr.,  with  an  expenditure  of  about  18  indicated  horse- 
power.    That  is  to  say,  that  an  abstraction  of  916  units  of  heat  is 

effected  to  each  pound  of  coal  used,  with  an  engine  consuming  2  lbs. 

of  coal  per  indicated  horse-power  per  hour. 

The  results  of  later  test  experiments  made  with  Messrs.  F.  and  W. 

Cole's  "  Arctic  "  dry  rold-air  machines  will  be  found  on  page  219. 

For  Haslam's  formula  to  enable  the  amount  of  air  delivered  by  a 

cold-air  machine  per  hour  to  be  ascertainetl,   the  revolutions,   and 

size  of  the  compressor  being  known,  see  page  549. 

The  following  tables,  giving  the  approximate  cost  of  ice-making  in 

the  United  States,  are  respectively  by  the  Frick  Company  and  the 

Triumph  Ice  Machine  Company : — 

♦  "Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  230. 
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CHAPTER    XXI. 

THE     PRODUCTION     OF    VERY    LOW 
TEMPERATURES. 

Farly  Inwsligniors  and  Kiperimenlera.— The  CasciiJc  System.-  The  RcgcD«ative 
MethiKl.— Propenics  of  Uquid  Air.  — Phvical  Conhtantsnf  Liquefied  Gases. 

Earlv  Investigators  and  Experimenters. 
The  Cascade  System. 
The  first  experimenters  in  ihe  liquefaction  of  gases  were  Mouge  and 
Cii>uet  before  1800,  who  succeeded  in  liquefying  sulphur  dioxide; 
Northmore  in  1805,  who  liquefied  chlorine  and  sulphurous  acids; 
Faraday,  18^3,  whn  liquefied  chlorine  sulphuret  nf  hydrogen,  cajtion 
dioxide,  nitrous  oxide,  cyant)gen,  ammonia  and  hydrochloric  acid. 
Habrier,  Naltuer,  Andrews,  and  Siemens,  the  latter  making,  in  a  prf>- 
visional  application  filed  in  1857,  the  suggestion  that  refrigeration  might 
be  produced  by  expanding  a  rompressei!  gas,  either  in  a  cyliniler  doing 
work,  or  freely,  to  a  lower  pressure,  and  using  this  cold  gas  to  coo] 
before  expansion  the  gas  coming  to  the  apparatus.  This  it  will  l)e 
seen  is  the  basis  upon  which  the  latest  investigators  have  proceedetl, 
and  which  has  admitted  in  the  closing  years  of  the  last  century  of  ihe 
liquefaction  of  all  gases  being  effected. 

In  1878  Cailletet  and  Pictet,  working  quite  independently  of  each 
other,    succeeded    in    liquefying    certain    of    the   so-called    permanent 

The  method  employed  by  the  first  was  to  compress  the  gas  under 
very  high  pressure,  cool  it  moderately,  so  that  it  was  still  above  ils 
critical  temperature,  and  then  allow  it  to  expand  suddenly,  by  opening 
a  cock  or  valve  by  which  the  pressure  on  the  gas  was  relie\-ed,  doing 
work  against  a  column  of  mercury  which  formeil  the  equivalent  of  a 
piston  for  compressing  the  gas.  In  this  manner  the  gas  cooled  itself, 
the  expansion  bring  sudden  and  almost  adialiatic,  and  the  temperature 
wa,s  reduced  below  the  critical  point,  whilst  the  pressure  was  still 
sufficiently  high  to  liquefy  the  gas  at  the  temperature  which  it  had 
then  acquired. 

Cailletet  in  the  above  manner  experimented  with  various  gases, 
amongst  others  laughing  gas,  acetylene,  and  carbon  monoxide,  and  sue- 
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ceeded  in  obtaining  a  mist  of  hydrogen,  He  was  the  first  to  use  liquid 
ethylene  as  a  cooling  agent. 

The  second,  or  Pictet,  on  the  other  hand,  employed  what  has  been 
styled  the  cascade  or  successive  cycle  system,  and  U  described  by  Prof. 
Ewing  as  follows. — * 

"The  general  idea  of  this  method  is  illustrates!  in  Fig.  357.  Imagine 
a  refrigerating  agent,  such  as  carbonic  acid,  to  have  been  compressed 
and  to  expand  through  a  valve  into  the  chamber  a,  where  it  evapo- 
rates.    In  the  example,  as  sketched,  it  is  evaporating  into  the  atmns- 
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phere.  When  carbonic  acid  evaporates  freely  to  the  atmosphere,  it 
falls  to  a  temperature  of  about  —80*^  C.  It  could  be  made  to  go  30"  or 
more  lower  by  using  an  air  pump  to  preserve  a  partial  vacuum  in  the 
chamber ;  but,  assuming  the  pressure  a  to  be  atmospheric,  the  tempera- 
ture then  will  be  about  —80''  C,  Now  we  may  use  this  as  the  con- 
densing temperature  of  some  other  volatile  material.  The  material 
which  is  indicated  in  the  sketch  is  ethylene,  which  was  not  used  by 
Pictet,  but  has  come  into  use  subsequently,  and  has  done  good  service 
in   the  hands  especially  of  Professor  Dewar.     It  forms  a  convenient 
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intermediate  link  between  the  comparatively  easily  liqiiefiable  carbonic 
acid  and  the  much  more  difficult  oxygen.  Ethylene  has  a  critical  tem- 
perature of  -  io°  C,  and  needs  only  moderate  pressure  to  liquely  it 
when  exposed  to  a  temperature  of  —80°  C.  h  is  pumped  at  the 
necessary  pressure  into  the  inner  vessel  at  a,  anci  is  there  liquefied,  and 
passes  through  an  expansion  valve  to  the  outer  vessel  at  b,  where 
it  evaporates.  The  pressure  in  b  is  supposed  to  be  kept  at  something 
not  much  over  one  inch  of  mercury,  and  in  that  case  the  temperature 
reached  by  the  ethylene  in  evaporating  will  be  -  130°  C.  After  expan- 
sion, it  is  re- compressed,  so  that  the  part  of  the  apparatus  in  which  ihe 
ethylene  is  carried  through  its  cycle  may  simply  be  regarded  as  a 
separate  vapour  compression  refrigerating  machine,  the  same  as  the 
ordinary  machine  using  ammonia  or  carbonic  add  j  b  is  the  refr^erator 
and  A  is  the  condenser. 

"The  remainder  of  the  apparatus  is  another  similar  machine,  using  in 
this  case  oxygen  as  its  working  substance,  and  with  b  as  its  condenser. 
The  critical  temperature  of  oxygen  is  about  —  iso^C,  and  as  the 
temperature  in  11  is  lower  than  that,  the  oxygen  litiuefies  when  com- 
pressed into  the  inner  vessel  at  b.  A  moderate  pressure  of  20  or  30 
atmospheres  suffices.  The  liquid  oxygen  may  be  passed  through  a 
valve,  and  evaporated  again  in  the  vessel  c,  and  in  that  way  a  tem- 
perature of  — 2oo°C.,  or  lower,  can  be  reached,  the  temperature,  01 
course,  in  tliis  last  vessel  depending  on  the  pressure  in  it,  and  con- 
sequently on  the  rapidity  with  which  the  pump  is  worked.  By  working 
the  pump  tolerably  fast,  to  preserve  a  good  vacuum  in  c,  we  can  grt 
down  to  something  like  —^^d'',  or  even  —225"  C,  a  temperature 
which  is  no  very  long  way  above  the  absolute  zero  — 273'^  C.  In 
Pictet's  cascade  of  successive  cycles,  the  substances  used  were  sulphurous 
acid  and  carbonic  acid.  The  ethylene  is  a  useful  addition,  as  giving 
readily  a  temperature  considerably  below  the  critical  point  01  oxygen. 
Without  it,  however,  Pictet  succeeded  in  liquefying  oxygen  by  die 
device  of  letting  it  suddenly  escape  when  under  high  pressure,  and 
after  being  cooled  as  far  as  the  carbonic  acid  would  cool  it." 

Further  experiments,  made  during  the  next  decade  by  the 
two  Polish  chemists,  Wroblewski  and  Olszewski,  working  togethw  and 
using  Cailletet's  type  of  apparatus,  and  latterly  Pictefs  cascade  systen^ 
for  cooling  the  compression  tube,  confirmed  the  results  obtained  by 
Cailletet  and  Pictet  on  hydrogen  in  1884. 

In  this  year  (1884)  Professor  Dewar  demonstrated  at  the  Royal 
Institution  that  liquid  air  could  be  produced  by  the  use  of  solid  carbon 
dioxide  and  nitrous  oxide  as  cooling   agents,   giving   —184°   Fahr. 
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(—  iJo"  Cent.).  With  a  compression  to  200  atmospheres,  and  subsequent 
expansion,  about  5  per  cent,  of  the  air  compressed  was  liquefied. 

Profes,sor  Dewar  also  devised  the  vacuum  flasks  for  holding  liquid 
gases  which  bear  his  name,  and  which  consist  of  iwo  glass  walls  with  a 
'  sealed  space  between  from  which  the  air  has  been  completely 
eshausted,  and  which  consequently  acts  as  the  best  possible  insulator. 
By  the  addition  to  the  vacuum-jacket  of  a  film  of  mercury  spread 
over  the  surface  of  the  glass  on  the  inner  side  of  the  outer- 
most wall,  a  bright  surface  is  produced  which  reduces  the  ab- 
sorption of  heat  by  the  latter,  and  permits  much  less  radiation 
to  pa-ss  through.  This  vacuum  vessel  enables  the  rate  of  evaporation 
of  a  liquid  gas  to  be  reduced  from  i-5th  to  i-6th  of  that  which  would 
take  place  in  the  open  air,  and  if  the  inner  wall  be  coated  as  above- 
described,  with  mercury  to  form  a  heat  mirror,  the  evaporation  will 
then  be  only  from  i-aoth  to  r-33rd  that  of  the  free  rate.  Until  quite 
recently  these  flasks  were  the  means  by  which  liquid  gases  were 
handled  and  maintained  in  a  static  form. 

Subsequently  Olszewski,  after  Wroblewski's  death  iii  1888,  replaced 
the  glass  tube  of  Cailletet  by  a  steel  one  fitted  with  a  stop-cock, 
and  obtained  enough  liquids  lo  be  handled  in  Dewar  flasks. 

Discarding  after  a  lime  the  Cailletet  apparatus,  as  aJtered  by 
Wroblewski,  Dewar  employed  the  Pictet  apparatus,  using,  however, 
pumps  to  compress  the  gases  previously  made,  and  force  them  into  the 
liquefying  chamber,  and  he  also  employed  ethylene  in  place  of  carbon 
dioxide,  placed  the  draw-off  cock  within  the  cooling  chamber,  and 
still  later  adopted  (he  regenerative  principle  suggested  by  Siemens, 
f(fr  cooling  the  chamber  in  the  case  of  hydrogen  liquefaction.  In  1895 
Dewar  demonstrateti  that  air  in  the  liquid  form  could  be  frozen  to  a 
jelly-like  solid  by  the  expansion  method,  this  jelly  proving  to  be  a 
mass  of  nitrogen  with  the  liquid  oxygen  of  the  air  contained  in  the 
interstices;  this  solid  air  melts  instantly  on  contact  with  the  atmos- 
phere. In  1896  he  effected  the  production  of  a  jet  of  liquid  hydrogen 
by  means  of  the  expansion  of  the  cooled  and  compressed  gas,  and 
by  the  use  of  this  hydrogen  jet,  oxygen  and  air  were  frozen  to  a  solid 
white  mass.  In  1898  Dewar  succeeded  in  collecting  hydrogen  in  a 
static  condition,  and  in  keeping  it  in  this  form  by  the  use  of  one  of  his 
bulbs  at  a  temperature  of — 396'4''  Fahr.  { — 238°  C),  only  65^  Fahr. 
above  the  absolute  zero. 

Amongst  other  workers  in  this  field  must  be  mentioned  Professor 
Unnes  of  I.eyden,  and  Muissau,  the  latter  investigator  together  with 
Dewar  having  succeeded  in  liquefying  fluorine,  the  last  of  the  elements 
to  yield. 
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A  considerable  amount  of  atteniion,  it  is  tni«,  was  devoted  hi 
the  producticm  of  liquid  air  by  the  above-mentioned  investigators, 
especially  by  Professor  Dewar,  but  they  were  primarily  interested  in  the 
scientific  investigation  of  the  properties  of  the  elementarj-  gases,  and 
the  former  has  been  more  particularly  dealt  with  by  Linde,  Hampson, 
and  Tripler,  who  have  all  been  experimenting  especially  with  a  view 
to  the  simplification  and  cheapening  of  the  production  of  liquid  ^r 
in  order  that  it  might  be  made  on  a  commercial  scale,  and  they  have 
all  been  woildng  on  the  lines  of  direct  regenerative  action  which  was 
proposed  by  the  late  Sir  William  SieitiMis  forty-four  years  ago.  In  this 
direction  it  should  be  stated  that  Professor  Dewar  had  also  been  work- 
ing, combining  cooling  with  a  separate  fluid,  his  experiments  bdng, 
however,  on  the  smaller  scale  suitable  for  a  chemical  laboratorj-. 

The  Regenerative   Method. 


As  has  been  already  mentioned,  Siemens  was  the  first  to  descnbe 
the  regwierative  process,  and  in  the  specification  of  the  proviMonal 
application  already  referred  to  he  describes  the  employment  of  an  in- 
terchanger  to  extract  cold  from  the  air  already  cooled  by  the  refri- 
gerating machine,  and  thereby  to  cool  the  air  which  is  on  its  way  to 
be  expanded.  Siemens  especially  pointed  out  that  theoretically, 
at  least,  no  limit  existed  to  the  degree  of  cold  which  could  be  produced 
by  the  use  of  such  an  interchanger,  and  after  ^ving  an  example  of  the 
temperatures  that  might  be  expected  in  a  particular  instance,  he 
says : — "  These  temperatures  are  mentiMied,  not  as  absolute  tempera- 
tures, but  to  show  that  the  principle  of  the  invention  is  adapted  to 
produce  an  accumulated  effect,  or  an  indefinite  reduction  of  tempera- 
ture." 

Siemens'  idea,  observes  Professor  Ewing,  was  that  thecompressedair 
should  pass  through  this  interchanger,  and  should  then  be  caused  to  do 
work  in  aji  expansion  i-ylinder.  This  expansion  would  chill  it,  and  rt 
would  then  pass  again  thn  lugh  the  inleruhanger.  giving  up  its  cold  through 
the  interchanger  to  thu  nevt  sncceeding  supply  <>f  compressed  air.  The 
effect  would  be  to  make  each  fresh  supply,  on  its  way  to  the  expansioR 
cylinder,  a  little  colder  than  the  last.  The  cumulative  fall  in  tempera- 
ture resulting  from  this  would  only  be  limited  by  accidental  losses  due 
to  conduction  of  heat  from  outside  aiid  to  heat  developed  from  Sriclion 
witliin  the  machine. 

In  1885  Solway  took  out  a  patent  fur  an  apparatus  and  process 
for  producing,  applying,  and  keeping  up  extreme  temperatures, 
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means  of  a  regenerative  method  siMnewhat  akin  to  that  of  Siemens, 
only  that  he  employed  a  regenerator  instead  of  an  interchanger.  With 
this  apparatus  Siilway  succeeiietl  in  reaching  a  temperature  of  about 
—  95°  C,  at  which  he  found  the  losses  of  cold  balanced  the  gains. 

In  1892  Windhausen  obtained  a  patent  for  an  apparatus  for  the 
production  of  extreme  degrees  of  cold  with  an  interchanger  substan- 
tially similar  to  that  of  Siemens,  but  empl(^ed  in  combination  with 
an  expansion  cylinder.  With  this  he  obtained  about  the  same  degree 
of  temperat\ire  as  Solway,  and  this  apparatus  is  said  to  be  now  in  use 
on  a  commercial  scale  for  such  processes  as  the  extraction  of  benzol 
from  the  imxed  gases  which  are  given  off  by  the  distillation  of  coal. 

The  particular  workers  in  this  field,  however,  who  have  aimed  at 
the  simplification  and  cheapening  of  the  production  of  liquid  air,  so 
that  it  might  be  made  commercially  useful,  are,  to  take  th«n  in  the 
order  of  their  applications  for  patents,  Tripler,  Hampson,  and  Linde. 
Tripler's  English  patents  were  filed  in  1891,  Dr.  William  Hampson's  on 
the  23rd  May,  1895,  and  Dr.  Linrle's  three  weeks  later  in  the  same  year. 
A  good  deal  of  discussion  has  taken  place  as  to  which  of  these  three 
should  have  assigned  to  them  the  real  credit  of  having  first  produced  a 
practical  machine.  It  is  averred  by  some  that  the  apparatus  described 
by  Tripler  was  impracticable,  and  by  others  that  Hampson's 
provisional  specification  was  very  brief,  and  so  vague  as  to  indicate 
but  little.  It  certainly  appears  that  the  first  to  produce  a  practical 
working  apparatus  was  Dr.  Linde,  although  he  was  the  last  to  pro- 
ceed to  the  Patent  Office  for  protection ;  it  is  on  record  that  his  appara- 
tus, in  a  practical  and  workable  form,  was  produced  in  the  summer  of 
1893.    Mr.  Tripler  has  been  refused  a  patent  by  the  U.S.  Patent  Office. 

The  principle  of  the  regenerative  method  of  producing  very  low 
temperatures  is,  says  Mr.  A.  I..  Rice,  in  a  paper  read  before  the  Ameri- 
can Society  of  Mechanical  Engineers,  December,  1899.  a  perfect  gas 
expanding  to  do  work  loses  heat ;  if  this  cooled  gas  be  exhausted,  so  as 
to  jacket  the  pipe  through  which  the  incoming  gas  enters,  it  will  cool 
that  incoming  gas;  the  pri>cess  is  cumulative  without  limit,  if  the 
machinery  is  frictionless  and  insulated  against  heat  from  the  surround- 
ing objects.  Solway  built  a  machine  on  this  principle,  but  was  unable 
to  get  lower  than  — 139"  Fahr.  (—95°  C),  on  account  of  the  heat  due 
to  ttie  friction  of  the  pistons  and  to  conduction. 

In  a  perfect  gas  no  lowering  of  the  temperature  would  result  from 
lowering  of  the  pressure  by  free  expansion,  but  none  of  the  so-called 
gases  are  perfect,  and  all  are  cooled  srmiewhat  by  expansion  through 
an  orifice.     Joule  and  Kelvin  found  that  with  air  the  fall  of  tempera- 
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ture  is  about  0-45°  Fahr.  (i°  C).  for  each  atmosphere  difiference 
of  pressure  at  the  orifice,  at  ordinary  temperatures,  and  that  the  effect 
increases  as  the  temperature  falls,  because  the  gases  are  coming  more 
nearly  to  the  vaporous  state.  If,  then,  air  be  compressed  to  a  high 
pressure,  and  be  allowed  to  expand  through  a  small  orifice,  it  will 
become  considerably  cooled,  and  may  be  used  to  cool  the  incoming 
air,  which,  in  turn,  will  lose  heat  by  expansion.     The  process  may  be 


r  before  leaving  the  orifice,  ii 


carried  on  until  some  of  the  s 
liquefied. 

Mr.  Tripler's  apparatus  is  shown  in  Fig.  358,  and  as  described  by 
Mr.  Rice,  "consists  of  a  three-stage  compressor,  drawing  air  directly 
from  the  atmosphere,  and  driven  by  a  steam  engine.  The  aJr  is  taken 
first  into  the  low  pressure  cylinder,  where  it  is  compressed  lo  65  lbs. 
per  square  inch;  it  is  then  sent  through  an  intercooler  to  reduce  the' 
temperature  to  that  of  the  atmosphere,  and  taken  into  the  intermediate- 
pressure  cylinder;  from  that,  at  a  pressure  of  400  pounds,  it  is  takeO^ 
through  a  second  intercooler  to  the  high  pressure  cylinder,  where  it  fl 
forced  up  to  2,000  to  2,500  pounds,  and  thence  sent  to  the  after 
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cooler  to  be  retiuced  again  to  the  temperature  of  the  atmosphere.  The 
air  is  passetl  through  a  separator  to  take  out  all  moiBture,  and  then 
passes  to  storage  tubes  in  whirh  compressed  air,  not  in  the  liquid  form, 
may  be  kept.  The  liquefier  is  Mr.  Tripler's  .special  invention.  This 
takes  ihe  air  from  the  separator,  and  by  expansion  through  a  coil 
i"f  pipe  and  a  small  orifice,  cools  it  to  a  low  temperature;  it  passes 
up  around  the  coil  of  pipe,  cooling  the  air  inside,  and  thus  gives  the 
regenerative  action.  The  expansion  valve  is  placed  at  a  little  distance 
above  the  bottom  of  the  roil,  so  that  some  liquid  air  collects  in  the 
bottom  of  the  latter,  and  thus  sert'es  to  further  cool  the  air  as  it  comes 
to  the  expansion  cock.  The  air  which  is  to  he  drawn  off  collects  in 
the  liquefier  just  bdow  the  expansion  valve,  and  may  be  drawn  off  at 
will.  The  expandeil  air  escapes  to  the  atmosphere  after  having  been 
u.sed  to  cool  the  coil  of  the  liquefier.  The  capacity  of  the  present 
plant  is  two  or  four  gallons  per  hour,  and  the  ice  will  begin  to  liquefy 
in  15  minutes  after  the  starting  up.  No  data  are  available  as  to  the 
power  used  in  the  compression." 

The  provisional  specification  of  Dr.  William  Hampson's  1895 
patent  was,  as  above-mentioned,  extremely  brief,  and  the  following  is 
the  text  in  exfenso  :— 

"  The  usual  cycle  of  compressing,  cooling,  and  expansion,  is  modified 
by  using  all  the  gas  after  its  expansion,  to  reduce  as  nearly  as  possible 
to  its  own  temperature  the  compressed  gas  which  is  on  its  way  to  be 
expanded  j  with  this  object  all  the  expanded  gas  surrounds  the  pipe 
or  pipes  of  compressed  gas  through  all  their  length  from  the  point  of 
expansion  to  the  point  of  normal  temperature,  and  the  length  of  pipe 
is  sufficient  to  allow  of  the  fullest  possible  interchange  of  temperatures 
between  the  compressed  and  expanded  gas." 

In  a  subsequent  patent  the  improved  apparatus  shown  in  vertical 
and  horizontal  sections  in  Figs.  359  and  360  is  describeii  In  this 
apparatus  the  interchanger  is  made  with  a  tube  or  tubes  coiled  into 
spirals,  the  convolutions  of  which  are  separated  by  very  narrow  spaces 
and  with  the  coils  lying  one  upon  the  other.  The  space  between  the 
tubes  does  not  exceed  i-ioth  of  an  inch.  The  gas  after  compression  is 
purified  by  caustic  potash  or  the  like.  The  vacuum  vessel  i  is  supported 
by  a  cap  2  inside  concentric  glass  tubes  mounted  between  rings  3  and 
5  held  by  a  frame  4.  Insulating  or  tight  joints  may  be  made  at 
5,  6,  7,  8.  Cold  carbonic  acid  or  the  like  is  passed  on  to  the  coils 
in  the  neighbourhooii  of  the  expansion  joint,  and  thence  over  their 
other  parts  before  beginning  expansion  of  compressed  gas,  and  the 
arrangement  shown  in  Fig.  360  is  used  for  supplying  the  cold  carbonic 
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acid  free  from  solid  particles.  In  this,  the  gas  expands  from  the 
valve  1,  which  is  kept  at  a  proper  temperature  liy  a  stream  of  waimer 
gas  from  the  valve  ;, 
aiirl  then  any  solid  male- 
rial  is  removed  by  filter- 
ing-material 4  from  the 
vapour  which  is  led 
away  by  the  pipe,  etc.,  7. 
F'g-  361  represents 
the  latest  (1898)  tj-pe  of 
the  Linde  apparatus,  as 
depicted  in  Mr.  Rich's 
paper,  and  which  ap- 
paratus only  differs  in  a 
few  m.inor  details  from 
that  made  in  1893.  It 
has  been  already  staled 
that  the  fall  of  tempera- 
ture is  proportional  to 
the  difference  of  pres- 
sures at  the  orifice,  and 
this  difference  should, 
therefore,  be  large;  the 
work  required  to  com- 
press the  air  again  will 
ilepend  upon  the  ratio 
of  the  pressures,  that  is 
to  say,  upon  the  ralio 
uf  compression,  and 
should  be  as  small  as 
possible.  This  necesa- 
tates  that  both  pres- 
sures be  high  for  the 
most  economical  work- 
ing, and,  therefore, 
^^  Linde  works  his 
le.  machine  between  200 
atmospheres  and  16 
atmospheres  for  all  the 
rked  a.  i-jth  is  then  ex- 
valve   ^   so   as   to   cool  it 


Figs.  35g  anil  360. — Ham|>sod' 
ProductionofVerv  Low  Temperatures  tvlliFReEei 
rative  MelhoH.     Vertical  and  Homoola!  Sections 


air  by  expanding  through  the  valve  m 
panded    to    i    atmosphere    through    the 
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still  further,  and  about  %  of  this  amount  is  condensed.  The  expanded 
ajr  is  sent  back  in  the  outer  pipes  as  shown,  the  port  which  is  at 
16  atmosph^es  to  the  compres^on  pump,  and  the  rest  to  the 
atmosphere.  /  is  a  separator  and  g  a  freezing  bath,  both  b'^ng  used  to 
remove  the  moisture  from  the  air;  rf  is  the  compression  pump,  and 


t  a  pump  for  supplying  at  16  atmospheres  as  much  air  as  escapes  at 
b.  c  is  the  receptacle  for  the  liquid  air.  In  the  earlier  form  of  the 
machine  none  of  the  air  was  expanded  below  50  atmospheres,  and 
the  air  was  cooleil  by  a  surface  condenser  supplied  with  water.  With 
this  apparatus  about  -9  of  a  quart  of  liquid  can  be  obtained  per  hour 
wath  the  use  of  3  horse-power,  this  being  about  5  per  cent,  of  the 
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handled,  \hh  first  liquid  will  appear  about  two  hours  after  starting  up 
the  machine. 

The  following  extended  extract  from  Mr.  Rice's  paper  regarding  the 
properties  of  liquid  air  will  be  of  interest : — 

"  The  physical  constants  which  have  been  determined  with  regard 
to  the  liquefied  gases  are  given  in  the  foregoing  table,  wluch  was  pre- 
pared by  Mr.  Walter  Dickerson.  It  will  be  noted  that  the  order  of  the 
liquefaction  of  the  gases  historically  is  almost  exactly  that  of  the  de- 
scending critical  temperatures;  it  is  the  attaining  of  a  low  temperature 
limit  that  has  taken  all  the  time  and  study  that  have  been  devoted  to 
this  matter.  Some  of  the  gases  when  in  the  liquid  form  are  lighter, 
and  some  heavier  than  water,  as  shown  by  the  values  of  specific  gra- 
vity ;  of  the  constituents  of  air,  nitrogen  is  lighter  and  oxygen  is 
heavier;  the  mixture,  containing  4-5 ths  nitrogen  and  i-5th  oxygen,  is 
a  little  lighter  than  water. 

"  Professor  Jacobus  and  Mr.  Dickerson  have  found  the  latent  heat 
of  air  at  atmospheric  pressure  to  be  about  140  British  thermal  units, 
but  this  figure  is  stated  as  only  a  rough  approximation.  This  is  about 
the  only  value  which  has  been  determined  with  regard  to  air  in  the 
intermediate  or  vaporous  state. 

*'  Any  calculations  as  Xy  the  efficiency  of  liquid  air  as  a  fluid  for  a 
prime  mover  must  necessarily  be  only  approximate.  The  approxima- 
tions can,  however,  be  made  on  the  right  side,  and  the  air  given  the 
benefit  of  the  doubt. 

"  Professor  Henry  Morton  has  recently  made  some  calculations  re- 
garding the  maximum  amount  of  power  which  could  be  obtained  by  the 
expansion  of  one  pound  of  liquid  air  under  certain  circumstances.  The 
same    hypothesis    which  he  used  will  be  assumed  and    his    figures 

adopted. 

"  Suppose  one  pound  of  liquid  air  to  be  confined  in  a  cylinder  and 
heated  to  70°  Fahr.,  then  let  it  expand  at  70°  to  atmospheric  pressure, 
the  expansion  to  be  hyperbolic.  It  is  not  known  what  the  volume  of 
the  air  will  be  at  70°  before  expanding,  but  it  is  certain  that  its  ratio  of 
expansion  will  be  less  than  it  would  be  if  expanding  from  the  volume  of 
the  liquid  at  —  312°  to  the  volume  of  the  gas  at  70°  and  atmospheric 
pressure ;  this  ratio  is  something  less  than  800,  hence  we  will  call  the 
ratio  of  expansion  800.  The  volume  of  one  pound  of  air  at  70°  Fahr. 
and  atmospheric  pressure  is  13-36  cubic  feet. 

"  The  work  done  in  a  hyperbolic  expansion  is,  W=i  p^y,V2y.  loge  R. 

when /a  =  fi^^^  pressure  per  square  foot  =  2,117  pounds 
v^  =         „  volume  =  13-36  cubic  feet. 
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R  =     *  ==  Ratio  of  expansion. 

W=  2,Ti7  X  13-36  X  6-685  =  188,000  foot-pounds. 

60  X  33,000  ~  ■'^^S  =  horse-power   per    pound  of  air  u 


hour,  and 


■09s 


SS  pounds  of  air  per  horse-power  per  hour,  if  the 
compression  and  no 


terminal   pressure  etjuals  the  back  pressure, 
clearance  being  considered. 

"  This  result  cannot,  of  course,  be  realised,  for  there  are  many 
.  sources  of  loss  which  cannot  be  avoided,  and  which  will  make  this  Ggure 
for  (he  weight  of  air  per  horse-power  hour  much  higher.  However, 
even  if  it  rould  be  realised  in  artual  practice,  it  is  only  just  inside  of 
the  figure  which  has  been  obtained  in  mtr  best  steam  engines  under 
practical  working  conditions. 

"In  these  figures  the  liquid  is  considered  simply  as  a  storage  medium 
for  energy,  and  no  account  is  taken  of  the  amount  of  heat  necessary  to 
develop  or  store  the  energy. 

"  In  order  to  get  a  comparative  idea  as  to  the  relative  values  of  liquid 
air  and  water  for  power  storage,  two  similar  cycles  for  water  will  be 
calculated,  and  comparative  figures  obtaine<i. 

"  The  range  of  temperature  in  the  cyde  taken  for  air  is  from  —  3 1 »" 
to  70°,  or  382'. 

"  Starting  with  water  and  heating  it  to  504°  under  700  pounds  pressure 
absolute,  and  expanding  it  to  1  pounds  pressure  absolute  and  126' 
Fahr.,  gives  a  range  of  temperature  slightly  less,  viz.,  378"-  The  ratio 
of  expansion  will  be  254.  This  final  volume  of  one  pound  is  171 
cubic  feet,  and  considering  the  expansion  to  be  hyperbolic,  we  have 


W  - 


:  a88  X  173  X  559=  280,000  foot-pounds ; 


415 


•1415  horse-power  per  pound  of  water  used  per  hour,  and  ^ 

7*o8  pounds  of  water  per  horsepower  per  hour. 

By  heating  the  water  to  546^  under  1,000  pounds  pressure  and 
expanding  to  atmospheric  pressure  the  range  of  temperature  would  be 
still  less,  or  about  334' - 

The  final  volume  would  be  26-3  cubic  feet. 


Ratio  of  expansion   — g  =  55. 
\V  =  21-7  X  26-3  X  4'04  =  2 


o  foot-pounds. 
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225,000 
7 =  •!  139  horsepower  per  pound  of  water  used  per  hour. 

=  8*8  pounds  water  per  horse-power  per  hour. 

**  From  these  figures  it  will  be  seen  that  under  the  conditions  assumed, 
water  will  give  oflf  from  20  per  cent  to  50  per  cent,  more  energy  than 
liquid  air,  during  expansion  through  equal  temperature  ranges.  The 
possibility  of  the  use  of  liquid  air  in  a  prime  mover  comes  from  the 
fact  that  the  upper  temperature  limit  for  the  range  assumed  is  so  low  as 
compared  with  that  for  the  steam.  The  U])per  limit  for  the  air  is  at  70° 
Fahr.  or  531°  absolute,  and  the  possible  thermal  efficiency  is  Jlf  = 
•72  ;  for  the  water  the  upper  limit  is  504°  Fahr.,  or  965°  Fahr.,  and 
the  possible  efficiency  is  f  J|  =  -39.  If  the  efficiency  of  the  liquid  is 
in  any  way  comparable  with  that  which  can  be  gotten  from  steam  in 
the  steam  engine,  the  efficiency  of  the  air  engine  should  be  good.  The 
cost  of  production  of  a  pound  of  air  would  be  much  greater  than  that 
of  a  pound  of  steam,  so  that  to  be  a  commercial  factor,  the  efficiency 
of  the  air  engine  would  have  to  be  much  greater  than  that  of  the  steam 
engine.  Whether  this  can  be  accompHshed,  the  future  alone  must 
decide. 

"As  to  other  uses,  refrigeration,  medical  cautery,  prevention  of 
chemical  action,  explosive  compounds,  reduction  of  resistance  of  con- 
ductors for  electricity  and  use  for  prevention  of  the  ill-effects  of 
ansesthetics  have  been  suggested,  and  others  will  doubtless  develop 
as  experiments  are  tried.  It  is  only  within  a  few  months  that  the 
liquid  could  be  obtained  at  a  cost  that  allowed  of  trial  of  its  properties 
for  any  except  scientific  purposes  where  no  possible  financial  return 
was  to  be  expected,  and  cost  was  a  secondary  consideration.  With  a 
large  supply  available,  rapid  development  may  be  looked  for,  and  new 
uses  will  be  constantly  discovered." 
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I.— USEFUL  TABLES  AND  MEMORANDA. 


EVAPORATIOy  OF  LlQVIDS.—Ligkt/oot. 


Liquid  or 

gas. 

Water. 

Anhydrous 
Ammonia. 

Sul- 
phuric 
ether. 

Mythylic 
ether. 

Sulphur 
diox- 
ide. 

Pictet't 
liquid. 

Specific    gravity  of  j 
vapour,  compared  J 
uith  air— I -000     ) 

0622 

059 

224 

I -61 

2*24 

— 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Boiling  point  at  \ 

atmospheric  pres-  > 

212'* 

-37-3° 

96- 

-IO-5 

I4» 

-2-2** 

sure    .         .         .  ) 

Latent  heat  of  vapor-  » 

isation  at  atmos-  J 
pheric  pressure    . ) 

966 

900 

165 

473 

182 

— 

Fahr. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

—  S                  —    20° 

— 

194 

I2-0 

5*7 

11*6 

■9- 

0^ 

30-0 

'•5 

i8-7 

9-8 

»5-4 

2  C 
G   Oi 

+    20' 

47-7 

2-6 

28-1 

i6'9 

22 'O 

ensio 
differ 

+    32° 

0*089 

61-5 

3-6 

360 

22*7 

17*0 

+    40' 

01 22 

73-0 

4*5 

42-5 

27-3 

3'-3 

+    60° 
+    80' 

0-254 
0-503 

io8-o 
152-4 

7-2 
I0'9 

6i*o 
86-1 

41*4 
6o-2 

440 
60 -o 

100° 

0-94? 

210-6 

i6-2 

II8-0 

84-5 

79-1 

120° 

1-685 

iSy: 

23-5 

117-5 

99*7 

Is  • 

140^ 

2-879 

— 

zys 

— 

— 

— 

lis 

160" 

4-731 

45-6 

• — 

— 

180" 
200" 

7-511 
11-526 

■ 

62-0 
8i-8 

^■"" 

z 

S-S. 

212'' 

14-7 

96*0 

^■^^ 
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The  Metric  System. 
This  table  provides  a  ready  means  of  converting  millimetres  into  inches. 


Mm.        Inches. 


Mm. 


— 

~ 

I 

00394 

26 

2 

00787 

27 

3 

o-ii8i 

28 

4 
5 

0-1575 
0-1968 

29 
30 

6 

02362  j 

31 

7 

0-2756 

32 

8 

0-3150 

n 

9 

03543 

34 

lO 

03937 

35 

II 

04331 

36 

12 

0-4724 

^ 

'3 

0-5118 

38 

'4 

05512 

39 

»5 

0-^906 

40 

10 

06299 

41 

17 

06693 

42 

i8 

07087 

43 

19 

07480 

44 

20 

0-7874 
08268  , 

4^ 

21 

46 

22 

08661 

47 

23 

09055 

48 

24 

0-9^49 
09843 

49 

25 

50 

Inches. 
I  0236 

Mm. 
51 

Inches. 

2-0079 

1-0630 
I '1024 

52 

53 

2-0473   1 
2 -0866 

I-IAI7 
I-l8lI   , 

54 

2*1260 

5§ 

2-1654 

1*2205 
1-2598 

56 

2*2047 

52 

2-2441 

1*2992 

58 

2-2835   : 

I  3386 

59 

2*3228 

13780  ; 

60 

2*3622 

^•4i73 

61 

2*4016  \ 

I  4567 

62 

2-4410  ; 

1*4961 

63 

24803  1 

'•5354 
1*574* 

64 

2*5197   : 

'^ 

25591 

1*6142 

2-5984 

1-6536 

67 

2*6378 

1-6929 

68 

2-6772 

17323 

69 

2*7166 

^•77i7 

70 

2-7559 

I-8IIO 

71 

2-7953 

I  -8504 

72 

2-8347 

1*8898 

73 

28740 

I -9291 

74 

2-9134 
,  2*9528 

1 

1-9685 

75 

Mm. 

Inches. 

76 

2*9922 

77 

3-03'5 

78 

30709 

79 

31103 

80 

3- 1496 
3*  1890 

8x 

82 

32284 

53 

32677 

^ 

33071 

\\ 

3-3465 
3-3859 

86 

57 

34252 

88 

3*4646 

89 

3-5040 

90 

3-5433 
35827 

9" 

92 

3*6221 

93 

3*6614 

94 

3*7008 

95 

3-7402 

96 

37796 

97 

38189 

98 

,  38583 

99 

38977 

100 

39370 

Equivalents  of  weight  may  be  calculated  by  means  of  the  following  Tables  : — 

English  Weights. 


I  oz.  =  28-35  grammes. 
I  lb.  =  0-4536  kilogramme. 


I  cwt.  =  50-80  kilogrammes. 
I  ton    =  1 016  kilogrammes. 

Metric  Weights. 

•     =  15^43  grains. 

.     =  2-2046  pounds,  or  2  lbs.  3  ozs.  4  drachms 
and  I0'47  grains. 
I  millier  (metric  ton)  ^  2204-62  pounds  or  0*9842  ton. 


I  gramme 
I  kilogramme 


I  decalitre 
I  centilitre 
I  cubic  centimetre 


Below  are  given  some  of  the  most  useful  measures  of  volume  : — 

Metric. 

I  litre  =1*76  pints. 

=  o-i         f,    =  3*5  fluid  ozs. 
=  0-01        „    «o-35 
=  0001      „    -0*35 

English. 
I  dram    =     3*55  cubic  centimetres. 
8  drams     =  I  ounce  »    28*4 
20  ounces  =  i  pint  '  =  567*9 
2  pints       =  I  quart  =     1*136  litres. 
4  quarts      «  I  gallon  =     4*544    „ 


>» 
»♦ 


»• 


»» 


>» 
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Properties  of  Saturated  Ammonia  Gas. 

(yaryan.) 


Tempera- 
ture Fabr. 

Pressure  from 

vacuum  in 
lbs.  per  aq.  in. 

Heat  of 
vaporization. 

Volume  of 
vapour  per 
lb.  cubic  ft. 

24-38 

Volume  of 

liquid  per  lb. 

cubic  ft. 

Gauge 

pressure 
per  sq.  in. 

-40 

io*6q 

57967 

•0231 

O* 

-35 

12-31 

570-69 

2I'2I 

•0236 

0- 

-30 

16-17 

57369 

i8'67 

•0237 

O' 

-25 

57068 

16-42 

-0238 

'•47 

—  20 

18-45 

567-67 

1448 

•0240 

375 

-15 

20-99 

56464 

I2'8l 

.  0242 

6*29 

—  10 

2377 

561 -61 

11*36 

•0243 

907 

-  5 

2757 

55856 

989 

•0244 

1287 

0 

3037 

555-5 

914 

-0246 

15-67 

+  5 

34- « 7 

552-43 

804 

•0247 

'947 

+  10 

3855 

549-35 

7-20 

•0249 

2V«5 

28-23 

+  15 

4293 

546-26 

646 

•0250 

+  20 

47-95 

543-15 

5-82 

•0252 

3325 

+  25 

53-43 

54003 

524 

•0253 

38-73 

+  30 

59-41 

536-92 

4*73 

•0251 

44*7 » 

+  35 

65-93 

53378 

4*j! 

•0256 

5»'23 

+  40 

7300 

530-63 

3-88 

-0257 

58-30 

+  45 

8066 

527-47 

3*53 

-0260 

65-96 

+  50 

88-96 

52430 

3-21 

•02601 

74-26 

+  55 

97-63 

521-12 

2-93 

•02603 

82-93 

4  60 

107  60 

517-93 

267 

-0265 

92-90 

+  65 

11803 

5'5-33 

2-45 

•0266 

103-33 

+  70 

129-21 

5'»*52 

224 

-0268 

114-51 

+  75 

141-25 

50829 

2-05 

•0270 

126-55 

+  80 

154-11 

504  66 

1-89 

•0272 

139-41 

+  85 

107-86 

501-81 

I-7I 

•0273 

i53-i6 

+  t)o 

1828 

498-11 

i-6i 

0-274 

168-10 

+  95 

19837 

495  29 

1-48 

!      0277 

T83-67 

+  100 

2I5-M 

491-50 

1 

1-36 

0-279 

200-44 

To    CONVERT    DEGREES    CENTIGRADE    OR     ReAUMUR     INTO 

degrees   Fahrenheit. 

Let  F  =  degrees  Fahrenheit ;    C  =  degrees  Centigrade ;   and  R 
degrees  Reaumur. 


Y  =  ^-  +  32 
4 


C  =  5  (F  -32) 


R  = 


4  (F  -  32) 
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•SIS 
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ff?a 
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•f 

j?S 

hicfc 

££S 

553: 

is-3- 

??■? 

ass 

■s,?,f. 

■ftsi 
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JfSi- 

-vOO 

3-J* 

S 

SSo 

mKo 

«,4,S 

s-si. 

Sf.S 

fcss 
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??? 

;§| 

S-" 

SH 
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*r.fc 
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sat- 
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Approximate  Allowances  per  Ton  Capacity  to  be  iiiADE  when 
Selecting  a  Machine  for  Refrigerating  Purposes. — 
Triumph  Ice  Machine  Company, 

Beer  Wort :  15  barrels  per  ton  on  Baudelot  Cooler.  One  thousand 
gallons  of  sweet  water  per  ton  from  70  to  40  d^rees.  Six  beeves, 
600  to  700  pounds  each,  per  ton.  Ten  to  twenty  hogs  per  ton.  One 
thousand  cubic  feet  of  space  per  ton  for  small  machines  up  to  2  tons. 
Four  thousand  cubic  feet  of  space  per  ton  for  machine  from  10  to  15 
tons.  Ten  thousand  cubic  feet  of  space  per  ton  for  larger  machines 
used  for  general  purposes. 

The  above  will  serve  as  a  guide,  but  it  must  be  borne  in  mind 
that  the  climate,  construction  and  exposure  of  buildings  that  are  to  be 
refrigerated,  character  of  the  insulation,  management  and  method 
of  handling  work,  all  have  to  be  taken  into  consideration.  See  also 
section  on  "  Cold  Storage." 


Table  showing  Pressure  and  Boiling  Point  of  some  of  the 
Liquids  Available  For  Use  in  Refrigerating  Machines. — 
Ledoux. 


Dcg. 

Tension  of  Vapour,  in  pounds  per  square  inch,  above 

Sulphuric 

Sulphur   ; 

Zero. 

Pictet 

Ammonia. 

Methylic 

Carbonic 

Fahr. 

1 

Ether. 

(2) 

Dioxide. 

(3) 

Ether. 

(5) 

Acid. 

Fluid. 

Vo 

(4) 

(6; 

(7) 

—40 

— 

— 

10*22 

— 

—31 

— 

13*23 

— 

— 

—22 

— 

556 

16-95 

ii'i5 

— 

-13 

723 

21-51 

13*85 

251-6 

—  4 

1*30 

9-27 

2704 

17-06 

292-9 

13*5 

5 

;       1-70 

1 176 

3367 

20-84 

3401 

16-2 

14 

219 

1475 

41-58 

2527 

393*4 

19*3 

23 

i       279 

18-31 

50-91 

30*41 

453*4 

22-9 

32 

;       3*55 

22-53 

61-85 

36-34 

520-4 
594*8 

26-9 

41 

4*45 

27-48 

74*55 

43*13 

31-2 

50 

§5^ 

33-26 

89-21 

5084 

676-9 

36-2 

59 

684 

39*93 

105-99 

59*56 

766-9 

41*7 

68 

838 

47-62 

125-08 

69-35 
80-28 

864-9 

48-1 

77 

10*19 

5639 

146  64 

971-1 

55*6 

86 

12-31 

66-37 

17083 

92-41 

1085-6 

64-1 

95 

1476 

77-64 

197*83 

— 

1207-9 

73*2 

104 

»7-59 

9032 

227-76 

— 

1338*» 

829 

528 
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Table    of    Specific    Gravities   and    Percentage   of  Ammonia. 

Carius, 


Defprees 
Bcaum^. 

Specific      1 
Gravity. 

Percentage. 

Degrees 
Beaiime. 

Specific 
Gravity. 

•9271 

Percentage. 
19-4 

lO 

l-OOO 

0 

21 

11 

•9929 

1-8 

22 

•921 

21*4 

12 

•9859 

yi 

23 

•915 

23-4 

13 

•979 

5- 

24 

•909 

253 

14 

•9722 

6-7 

25 

•9032 

277 

15 

•9655 
1          -9589 

8-4 

26* 

•8974 

301 

l6 

lo- 

27 

•8917 

325 

17 

1          -9523 

11*9 

28 

•886 

35*2 

i8 

1         9459 

13-7 

29 

•8805 

•  • 

19 

1        '9395 

15-5 

30 

'        -875 

«  • 

20 

1        -9333 

'7-4 

•   • 

•  • 

■  • 

♦  Known  by  the  trade  as  29J  per  cent. 
NoTR. — The  specific  gravity  of  pure  anhydrous  ammonia  is 

USEFUL  DATA. 


•623. 


Lbs.  per  sq.  inch  by  '070308  =  kg.  per  sq.  c/tn. 

„  „  -000703  =  „     m/m. 

Tons  per  sq.  inch  by  157*49  =  „       c/m. 

„  1-5749  =  »      Wm- 

Kg.  per  sq.  c/m  by    14*2232  =  lbs.  per  sq.  inch. 

Kg.  per  sq.  metre  by      '205  =  „       foot. 

Kilos   per  Sq.   M/M   into  Tons   per  Sq.    in. 


Kilos,  per 

1 
Tons  per 

Kilos,  per 

Sq.  M/.M. 

Tons  per 

Sq.  M/M. 

.Sij.  in. 

Sq.  in. 

~    "      1 
26 

16-510 

46 

29*210 

-" 

17-145 

47 

29-845 

28          i 

17-780 

48 

30-480 

29          , 

18-415 

49 

1         31-115 

30 

19050 

50 

1       3 '-750 

3'        1 

10-085 

51 

1         32  385 

32        I 

20-320 

52 

33-020 

33 

20*955 

53 

33655 

34 

21  5()0 

54 

34290 

>  - 

22*225 

!        55 

34*925 

i^ 

22-«()0 

,        56 

35-560 

23495 

57 

1         36-195 

3« 

24- 130 

,        5« 

36-830 

39 

'          21-705 

59 

37-465 

40 

25-400 

1           (X) 

38-100 

41 

26035 

61 

38735 

42 

26-670 

'        62 

!     39-370 

43 

i       27-305 

•        63 

40005 

41 

27  040 

1        <>4 

'     40-640 

45 

'       28-575 

;      65 

1     41-275 
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Solubility    of    Ammonia    in    Water    at    Diffbrbnt    Teupcr- 
ATURES. — Sms. 


D^ 

-  "^^'X!' 

^^Tv'cVr- 

D.V«. 

?.fS 

V^lumeofNH, 

'■       of  W«tm. 

of  W.tiir. 

F^r. 

Water. 

'"ofW«™' 

3» 

0          0-899 

i,iSo 

r2S-6 

0-J74 

3S9 

35 

b          0-853 

129-1 

III 

348 

39 

J          0-809 

1,063 

I3J-8 

336 

1» 

8         0-765 

i,oos 

136-4 

*47 

3»4 

46 

4         0-714 

95' 

140-0 

^38 

31J 

5° 

I     ■    0-64^ 

898 

'43-6 

JI9 

301 

S3 

818 

147-1 

389 

57 

1         o-6ri 

802 

150-8 

*77 

60 

8         0-578 

759 

'544 

a6s 

64 

4         0546 

717 

158-0 

\t!. 

»S4 

08 

5        o-s.H 

683 

161-6 

144 

71 

6         0-490 

643 

i6|-a 

178 

»34 

"5 

I         0467 

6'3 

i6S'8 

170 

iii 

?8 

8          0-446 

SH 

1724 

■6: 

8z 

4         04i6 

SS9 

1760 

'54 

86 

0     ,    0408 

S36 

179-6 

146 

19Z 

89 

1    '    0-393 

516 

i8va 

'38 

I8t 

93 

1    ■    0-378 

496 

1868 

130 

170 

96 

a    1   0-363 

478 

1904 

160 

4         0-3SO 

459 

194-0 

ill 

149 

104 

0        0-338 

JS 

197-6 

'39 

(07 

6        0-J16 

098 

tiS 

I         0-31S 

414 

i; 

090 

iiS 

8         0-303 

399 

oSi 

107 

MS 

4         0*94 

386 

0074 

97 

III 

0         0184 

373 

Solubility    of    Ammonu 


Water    at    Different    Temper- 


!SE 

FSShSt. 

"la™ 

Water. 

^3E^ 

Fahi^heil. 

»„.„... 

Water. 

^ 

3»- 

0-875 

18 

81-4 

0426 

35-6 

4 

39» 

0-79* 

3' 

0-J8J 

0-75' 

34 

93* 

53' 
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Solubility   of    Ammonia    in    Water    at    Different    Temper- 
atures.— Roscoe, — (  Continued, ) 


11m.  of 

lbs.  of 

Degrees 
CelMM. 

Fahrenkeit. 

NUt  to  one 

lb.  of 

Dcaices 
CeTthia. 

Fahrenbeit. 

NH9  to  one 
lb.  of 

Water. 

Water. 

8 

464 

0-713 

^% 

968 

0343 

lO 

50- 

0679 

38 

100-4 

0324 

12 

53-6 

0-645 

40 

104-0 

0*307 

H 

57-2 

0*612 

42 

107*6 

0-290 

i6 

608 

0-582 

44 

111*2 

0275 

i8 

644 

0554 

46 

114-8 

0*259 

20 

68- 

0*526 

48 

.         1 18-4 

0*244 

22 

71-6 

0499 

50 

\        122* 

0*229 

24 

75-2 

0474 

52 

1256 

0-214 

26 

788 

0449 

:           54 

129*2 

0*200 

:    56 

1328 

o*i86 

Strength  of  Liquor  Ammonia. 


Percentage  of 

Ammonia  by 

Weight. 

Specific  Gravitj*. 

Degrees  Reaumc, 
Water,  10. 

0 

I  000 

10 

2 

0986 

12 

4 

0979 

13 

6 

0.972 

14 

8 

0.966 

15 

10 

0960 

16 

12 

0-953 

171 

14 

"•945 

18-3 

16 

0938 

19s 

18 

0*931 

20-7 

20 

0925 

21*7 

22 

0-919 

22*8 

24 

0-913 

239: 

26 

0907 

24-8 

28 

0902 

257 

30 

0*897 

26*6 

32 

0*892 

27-5 

34 

0*888 

284 

36 

0884 

293 

38 

0880 

302 
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Yield,  etc.,  of  Anhydrous  Ammonia  from  Ammonia 
SoLUT  IONS. — Redwood. 


,OLU.,0» 

ANHYDROUS    AMMONIA. 

Wdghtoflcc. 

i 

■5 

1 

is 

5i 

ij 

1 

? 

^ 

if 

11 

It 

4* 

347 

v°t 

ifP 

■494 

3077 

S9S 

«-4 

iz-i 

3*: 

450 

841 

j4-9 

39-6 

310 

7 -4 

4i<) 

50-7 

360 

29-0         7-34 

M° 

38i 

379 

460 

3*-5 

7-4* 

74" 

346 

IS6 

4>-7 

i9i 

tbo 

7 '48 

83" 

3*0 

993 

38  s 

166 

!5-6 

7 '50 

86° 

3" 

937 

37-5 

'51 

HI 

7-59 

98° 

*77 

726 

33-4 

!2-8 

7-67 

no" 

244      '     I  520 

29-4    1      197 

Temperatures    to    which    Ammonia    Gas     is    saisfj>    by 
Compression. 


Abwluw 

ahsolute  suction  pressure. 

Tfinperalur.: 

1 

u(  Suttiun. 

d.n""nK 

»  1  ..  [  30 

_" 

A->           .5 

0°  Fahr. 

90 

199     i&S      '38 

116 

98  ;   83 

2[6         181          153 

131 

"3 

97 

Z32  ,  196     166 

'45 

109 

24s        111         i8i 

'58 

''38 

130 

261           222           193 

I69 

150 

IJ» 

140 

*73    1    m        w>5 

181 

143 

;s 

185    1    !46        J 10 

191 

'S3 

J96     J57     126 

[Si 

'63 
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Temperatures  to  wiuch  Ammonia  Gas  is  Raised  by 
Compression.  — {Centinued  ) 
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Temperatures  to  which  Ammonia  Gas  is  Raised  by 

Compression. — {Continued,) 


Absolute 

absolute 

suction  pressure. 

Temperature 

Con- 

of Suction. 

densing 

pressure. 

20 

as 

30 

35 

40 

45 

30^  Fahr. 

90 

242 

206 

177 

154 

134 

n8 

100 

260 

223 

'93 

,    170 

ISO 

»33 

1 

no 

277 

239 

208 

,    'h 

164 

'47 

120 

292 

255 

223 

198 

>77 

'59 

130 

307 

267 

236 

2n 

190 

171 

140 

321 

280 

248 

223 

20 1 

'83 

'50 

334 

292 

260 

234 

212 

'93 

160 

346 

304 

271 

245 

223 

203 

32"  Fahr. 

90 

245 

209 

179 

157 

137 

121 

100 

263 

225 

196 

'I^ 

'53 

135 

no 

280 

241 

2n 

187 

167 

149 

; 

120 

295  •  256 

226 

201 

180 

162 

130 

3'o 

270 

239 

213 

192 

174 

1 

1 

140 

324 

283 

25» 

226 

204 

185 

1 

150 

337 

295 

i^Z 

237 

215 

196 

160 

350 

307 

274 

248 

22b 

206 

35'  Fahr. 

90 

249 

213 

182 

160 

141 

124 

ICO 

268 

229     1 

200 

176 

156 

139 

no 

286 

246 

215 

191 

170 

'53 

1 

1 

120 

300       260 

230 

205 

184        166 

130 

315  ;  274 

243  1 

217 

196        178 

i 

140 

329 

288 

^5§ 

230 

208 

189 

'50 

341 

3CO 

268  , 

241 

219 

200 

160 

354 

3^2    1 

279  1 

252 

230 

210 

Metric  Sysi 

EM. 

The  Unit  of  Weig 

;ht  is  the  Grai 

Time  = 

=    564 

38  drams. 

The  Decagramme 

lOg 

,rammes 

„      Hectogramme 

100 

>> 

„      Kilogramme 

I 

,000 

>i 

„      Myriagramme 

10  k 

ilogrammes 

„      Metric  Quintal 

100 

» 

„      Millier 

I 

,000 

» 

„     Decigramme 

-A-  of 

"  a  gramme 

„     Centigramme 

1  U  0 

» 

„     MilligT 

amme 

f   1  • 

• 

. 

. -JL__ 
1  u  0  0 

>> 

■      _ 

A  Cubic  Centimetre  of  distilled  water  at  39^°  F.  weighs 

I  gramme  in  a  vacuum. 


5^6 

Propertif^  or 

Saturatid  A«uoNrA  Gas. 

Dk  Volsok  Woou  and 

Geo.  DAt-iDsoM. 

li 

m 

it 

W  A 

mS" 

Uh 

hii'Uli\ 

iUf 

Jl 

'A_ 

H^/ 

^n 

iW 

Pvl!?=i 

-401 

10-69 

_40 

420-66 

579-67 

H-3» 

■0410 

-o»34    1  42-589 

-'■39 

i*-3' 

-35 

425-66 

576-68 

lija 

-0469 

■0236     1  4»-33T 

-0-S7 

\t^ 

-30 

430-66 

435-66 

-'? 

i8-6q 
|6„ 

-o6oi 

■0237    1  4»-i*3 
■013H       4l-«S8  , 

3-7S 

18-45 

440-66 

567-67 

i):sj_ 

-0690 

•0140     141-6.5, 

0-39 

20  yy 

"-15 

445-66 

504-04 

..8, 

-07  J9 

-0141     ,  41-374 

23-80 

450-66 

561-61 

..jS 

■0878 

-o»43    1  4i;i3S 

rt-9» 

-5 

455-66 

558-56 

10' .! 

-0988 

-0146      40-650 

1 5  ■(•7 

30.(7 

4bo-66 

555-50 

|:S 

■1107 

1946 

34-"' 
38'34 

*5 
10 

465-66 
470-60 

549-3S 
546-*6 

■1140 

-'383 

-0147    1  40-404 
-0149     1   to-i6o 

7-»3 

JBI4 

41-94 

•  5 

475-66 

rn 

■1541 

-0150     1  39-9M 

33»S 

47-95 

480-66 

543- '5 

■1711 

-0151       39-681 

3»73 

5343 

*S 

485-66 

540-oi 

5^7 

-1897 

-0153     1  39-431 

44-7' 

59-41 

10 

490-66 

_iityi 

4I« 

-1099 

■0155    !  39-200 

Sia* 

05-93 

35 

495-66 

5J1-7" 

4JI 

■1318 

-0150     .  p-940 
■0158    '  38-6*4 
-0160      38-461 

5B''9 

72-99 

40 

500-66 

5io63 

3-91 

-»554 

65-96 

80-66 

4J 

505-66 

5»7-47 

3* 

-l8oq 

74-J6 

SK96 

50 

10-66 

5*4-30 

i-J. 

■3084 

8J-M 

qj-93 

55 

,5-66 

■33^ 

■0263         17-904 

91-69 

1-7-59 

'5i7~9r 

1-70 

"■3^97 

;s  i|;-;it 

'03-33 

.l8  0j 

65 

J566 

5 '4-73 

1-48 

-4039 

114-49 

129- [9 

70 

30-60 

511-51 

1-17 

-4401 

-0268   1  37-130 

.,6-5« 

75 

35-66 

508-29 

i-og 

■4791 

■0170       36-'»5 

'«:*?- 

154-10 

Ho 

540-66 

S05'05 

t-^a 

^5*21 

-oi7»     '3^:5' 

'5J'» 

~Bs 

545-66 

501  ■»  I 

'■77 

■5649 

-0173       36-509 

[|.;-91 

iBi-bi 

90 

550-66 

498-55 

1-64 

-6120 

■0275       36-158 

■  SjbS 

198-35 

95 

555-66 

495-29 

1-5' 

■6612 

■0277       36-013 

100-41 

JtS'U 

56066 

49201 

1-39 

■7153 

-oir9  1  35-778 

2iH'iS 

J12-.l« 

■05 

56S-66 

48872 

■  189 

■7757 

-0181   1         1 

251-97 

i;70-66 

4*5 -4' 

1-103 

8312 

028J 

272-14 

"5 

5:5'<* 

48241 

■8912 

-0185 

i7i-79 

*93-49 

586-66 

478-79 

1-04. 

■9608 

■0287            1 

3or'46 

316-16 

i!i 

585-66 

475-45 

■9699 

.0310 

-0189 

3J5-7a 

340'4J 

'S° 

590-66 

471-11 

■9051 

.■1048 

■019.            1 

350- 4'' 

31.; -10 

'35 

59566 

468:5 

-8457 

1-1824 

-oa93                  i 

377'5» 

39J  II 

140 

600-66 

465-39 

-7910 

1-1641 

■oa9s 

405' 79 

410-49 

•45 

605-66 

461-01 

-7408 

'■3497 

■0197 

,  435-5 

450- JO 

<50 

610-66 

458-61 

-6946 

■  ■4396 

■0199 

1  406' 84 

481-54 

'55 

615-66 

455-22 

-6511 

■•5358 

■0301 

1  iWlo 

S'4'5" 

160 

6IO-66 

451-81 

-6118 

1-63.8 

-0306 

534-34 

54904 

.65 

615-66 

448-39 

■5765 

1-7344 

One  almosphere  in  this  table  is  equal 
19-9  ins.  high. 

^pecilic  heal  of  ammonia  ga.->  and  vapour 


1  pressure  of  a  column  of  memuj 


1 1  pressure    , 


Wcighl  of  1  cubic  It.  liquid 
Vnlumc  nf  I  lb,  li']uid  arami 
Sp<-ci(k  lu-at  ol-  ii^ml  .-.mini 


>^o-S08 
=  0-3913 
at  32°  Fahr.     .         .        .      =  39-IO8  lbs. 

31°  Fnhr o-ois57  en.  ft. 

=  1-01135  ■•■  0-008378  t, '. 
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Comparison  between  the  Scales  of  Centigrade  and 
Fahrenheit  Thermometers. 


Centigrrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

-73 

—  1000 

-24 

— 11*2 

-72 

-97-6 

-23 

-  9*3 

-71 

-95-8 

—  22     • 

-   7-6 

-70 

-940 

—  21 

-  5-8 

-69 

-92-2 

—  20 

-  40 

-68 

-904 

-19 

—    2*2 

-67 

-88-6 

-18 

-  o*4 
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la  estimating  the  capacity  of  WorthingI 
(i.*.,  the  delivety  in  gallons  per  minute  or  per  nourj  m  a  jjivcii  r. 
piilon  speed,  it  should  be  noted  (hat  they  have  t^Bo  double-acting 
pinngers:  the  capacity,  thererore,  is  double  that  or  any  ordinary  double- 
acting  pump  of  same  size,  or  four  limes  as  large  as  a  single-acting  pnmp. 
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Gallons  of  waler  raLsed  per  hour 
Height  of  lift  for  I  man  working 

on  ctank.  in  feet 

Height  of  lift  for  i  donkey  work- 

ing  on  gin,  in  feel  ...  . 
Height  of  lifl  for  l  hoise  working 

on  gin,  in  feet 

Height  of  lift  for  I  hoise-power 

■team  engine,  in  feet     .     .     . 

90 
iSo 
630 
990 

3SO 

357 
S6' 

Soo 
7* 
396 

650 
18 
56 
196 
308 

800 

4S 

'54 

1,000 
iS 
36 

198 

Table 

QIVING 

QUANTIT 

Y   OF    WATEB     DI 

J    PE»   MlSITTK  flY 

BAtt&Et.  Puavs.SiUton. 

If 

Lmph 

SiBglt  bm<^. 

nonblE  barrel. 

Treble  b»i™l.       ( 

i^ 

jctrakM 

«o.tn>l.« 

jo.trokM 

joilroke. 

Wltrokn 

s^ 

pHinin. 

permra. 

pCTIdlB. 

permin. 

pet  mill. 

[ncb«. 

[iichn. 

Gall>. 

GaJli 

Gill. 

Galls. 

Gill 

G  n 

9 
9 
9 

1 

9 

3i 

9 
>3 

18 

4l 
9 
14 

1^' 
19 
»7 

)l 

9 

n 

"i 

iS 

*5 

>8 

3Z 

4 

9 

'4 

16 

>4 

3» 

3& 

76 

4i 

s, 

9 
9 

'sl 

>9 

Si 

S 

4* 

r. 

46 

57 

i' 

9 

^i 

3* 

46I 

69 

9* 

9 

»7 

37 

SS 

n 

82 

3 

4i 

6 

9 

'3 

■1 

5 

7 

■4 

"5 

3 

7 

30 

3) 

i3l 

17 

3» 

4» 

4) 

10 

'3 

17 

a 

27 
34 

36 

45 

40 

II 

5 

4' 

56 

63 

!, 

3. 

!° 

1 

9 

34 

40 

j 

5" 
8 
18 

bS 

81 

'7 
24 

77 
9» 

19 
*7 

16 

3i 

3) 

16 

H 

33 

37 

§ 

4 

lb 

32 

43 

49 

4i 

=7 

41 

li 

bi 

82 

S, 

as 

33 

SO 

76 

2* 

30 

4* 

6j 

82 

9* 

;:i 

36 

49 

S 

97 

6* 

43 

S7 

"4 

139 

172 

7 

SO 

66 

'34 

'49 

199 

7i 

57 

76 

114 

'52 

'71 

229 

8 

^S 

87 

130 

'74 

'95 

.162 

9 

8j 

'65 

246 

330 

'34 

101 

!68 

3°} 

404 

II 

" 

146 

'95 

a<)4 

390 

440 

S88 
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DiaRicler  of  Call  or  supply  pipe, 

Diameter  of  rising  main  or  de- 
livery pipe,  in  iuches     .     .     . 


500 

1,000 

i,soo 

4,000 

6,000 

't 

■ 

■1 

3 

4 

J 

■'    ■  ;  ■  i 

y  HvDKAt'UC  Rahs.— ^vtfoR. 


6B 

Si 

1     1     1 

'•j; 

' 

: 

" 

1 
X 

•J 

:>  DuvB  Centbifuoal  Puups. 


Diameter  of  wc- 

Q,Bn.l.T=fw.UT 

H<>r.e-pow«ri«- 

pipet  in  incha. 

^Unfa^tt^ 

16 

■01 

SO 

a 

3«> 

16 

;oo 

■JS 

■40 

9 

■so 

E 

'3 

300 

108 

■4 

2 

500 

\l 

3 
3 

E 

1:1; 

4 

100 

3- 
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I 

Slta  of  Hpn.  iuide  dumeten. 

4 

'5 

JO 

40 

1 

>y 

5« 

,000 

s 

MSt 

J-ooo 

.500 

.SO« 

rl- 

..•I..- 

■■  |h- 

J- 

t' 

V    r 

10"  ;  11"     n' 

iV 

18' 

■<H0 

3 

J; 

I 
Z 

;ji 

•07 
—9 

•90 

i 

4: 

3 

H-JO 

3 

5i 

■-61 

3-fS 

1" 

1 

i 

1 

i 

1* 
6-0; 

.4-33 

■ 

0; 

109 

, 

44 

■i 

i 

■091 
S 

■oog 

i 

■113 

i 

The  friclionallos.'iisgieatlj-mcrcased  by  benJsoriTTeguIariliesin  the  pipes. 
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DniENSlOKS,   ETC.,   OF   STANDARD   WrOUGHT-IrON   PiPES. 


!_. 

B.S 

ScS 

.s  . 

I  . 

.b-- 

U 

^      1^      1 

^^ 

jl 

1 

ii 

1 

% 

III 
-1 

f 

p 

■27 

_ 

■+0 

o'os;* 

1-272 

9-44 

■'4 

^l 

■36 

■19 

■54 

.■696 

7-075 

■4* 

iS 

■49 

■41 

■(.; 

S-&57 

t :; 

54 

■»4 

■84 

o-3a,8 

2'6S2 

4-SO! 

■81 

73 

■■"» 

lOi 

<iS333 

3-l<W 

3-63- 

1-12,    t4_ 

[■04 

■95 

"5* 

;:^ 

0'8627 

4-T3t 

2-903 

n* 

!} 

i'38 

-ss 

i'49t' 

S-S'S 

2  ■301 

2-25 

11! 

rei 

'■49 

i-d8 

190 

J-038 

5-969 

2  ■69 

114 

106 

193 

1-49 

;« 

3-355 

7-401 

[-611 

3-66 

'i' 

H 

*3" 

vn 

4-78i 

9-032 

i-3'B 

5-77 

8 

3, 

3'o(. 

2-8() 

^A 

3 'SO 

"If 

10-996 

1-»9I 

7-54 

8 

31 

3-54 

i\\ 

271 

4-00 

9-887 

.2-566 

0-95S 

9-0S  ;   a   j 

4 

4-W 

3"'3 

4'SO 

14-13: 

0-849 

i 

r 

it 

'^t, 

iiSi^ 

0629 

o-sr? 

:*4? 

8 
8 

7 

7-oa 

7-M 

38-737 

23-954 

0-505 

23-4' 

a 

8 

7'98 

8-6J 

S0'O39 

17-096 

28- iS 

8 

9 

900 

9-68 

61-635 

30-433 

0-394 

34-or 

8 

lO 

~ 

" 

1075 

78-838 

33-773 

0-355 

4064 

8 

Comparison  of  British  Measures  with  U.  S.  Standards. 

LlgiMd  Kutq  Studard.  Hriliih  SUnd^rd. 

I  gill  -833565  imperial  gill. 

4  gills      =  I  pint  =  -833565       „       pint. 

3  pints     =  I  quart  =  -833565        „        quart 

4  quarts  =  I  gallon  =  "833565        „        gallon. 

An  imperial  gallon  =  4-5435  'itres  =  1-19968  U.  S.  standard  gallons. 

An  imperial  gallon  conUins  (Act  of  Parliament,  1878)  10  lbs.  of 
water  at  a  temperature  of  62"  Fahr.  Its  accepied  volume  is  277*274 
cubic  inches. 

Useful  Information. 

A  gallon  of  water  contains  231  cubic  in.,  andweiglis  8i  lbs.  (U.  S. 
standard). 

A  cubic  foot  of  water  contains  i\  gallons,  and  weighs  6ii  lbs. 

The  friction  of  liquids  and  vapours  through  pipes  increases  as  the 
square  of  the  velocity. 


REFRIGERATION  AND   COLD  STORAGE. 

Sensible  heat  of  a  liquid  is  the  amount  indicated  by  the  therraometer 
when  immersed  in  it. 

Specific  heat  is  the  amount  of  heat  absorbed  to  produce  sensible 
heal. 

Latent  heal  is  the  amount  of  heat  required  for  the  conversion  into 
vapour  after  a  liquid  has  reached  its  boiling  point. 

The  latent  heat  of  vapour  is  given  off  whilst  condensing  to  a  liquid 
the  sensible  heat  is  retained. 

One  U.  S-  gallon  =  '133  cubic  ft. ;  '83  imperial  gallon  ;  3-8  litres. 

An  imperial  gallon  contains  277174  cubic  in.;  -16  cubic  ft., 
(O'oolbs. ;  I'a  U.  S.  gallons;  4-537  litres, 

A  cubic  in.  of  water  ^  '03607  lb. ;  "003607  imjierial  gallon 
■O04.1Z9  U.  S,  gallon. 

A  cubic  foot  of  water  =  6'23  imperial  gallons;  7'4S  U,  S.  gallons 
18-375  litres;  -0283  cubic  metre  ;  61-35  lbs.;  '557  '^'"f- !  "028  ton. 

A  lb.  of  water  =  277a  cubic  in. ;  -10  imperial  gallon  ;  -083  U.  S. 
gallon;  -4537  kilo. 

One  cwt.  of  water  ~  ii-a  imperial  gallons;  i3'44  U.  S,  gallons 
I -8  cubic  ft. 

A  ton  of  water  =  359  cubic  ft.;  224  imperial  gallons;  298-8  U.S. 
gallons;  1,000  litres  (about) ;  1  cubic  metre  (about). 

-A.  litre  of  water  =  21  imperial  gallon ;  -261)  U.  S.  gallon ;  61  cubic 
in-;  '0353  cubic  ft. 

A  cubic  metre  of  water  =  220  imperial  gallons;  264  U.  S,  gallons, 
1-308  cubic  yani;  61,028  cubic  in.  ;  35-31  cubic  ft  ;  1,000  kilos;  1 
ton  (nearly);  1,000  litres. 

A  kilo  of  water  :=  2-204  lbs. 

A  vedros  of  water  ■=.  2'7  imperial  gallons. 

An  eiraer  of  water  ^2-7  imperial  gallons. 

A  poid  of  water  =:  yd  imperial  gallons. 

A  Russian  fathom  =  7  ft. 

One  atmosphere  —  1*054  kilos  pet  square  in. 

One  ton  of  petroleum  =  275  imperial  gallons  (nearly). 

One  ton  of  petroleum  =  360  U.  S.  gallons  (nearly). 

A  column  of  water  i  ft.  in  height  =  '434  lb-  pressure  per  square  in. 

A  column  o!  water  i  metre  in  height  =  1-43  lbs.  pressure  pe 
square  in. 

One  lb.  pressure  per  square  in,  i-:  a'3i  ft.  of  water  in  heighL 

One  U.  S,  gallon  of  crude  j>etioleum  =  6-5  lbs,  (about). 


J 
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Solutions  op  Chloride  of  Calcium  (CA  CL2). 
(Manufacturer  of  Chloride  of  Caleium,  U.S.) 


Sp«iBc 

s^'fIi' 

Lb.  Jir  .flair.  Lh 
11  Frcciini  Poinl. 

i-oo; 

, 

^ 

ris^   : 

|-iJ-2<, 

46 

8 

■jo-40 

45 

3 

2-829 

■  liyix.. 

44 

I-02B 

16 

3772 

-J5-to 

43 

">3S 

5 

4-7I5 

42 

'■043 

6 

*a 

5-658         - 

.2<r8o 

41 

1    1  -o^o 

28 

6-601 

.2V7S 

40 

.■058 

S 

3! 

7-544 

-24-b7 

38 

ro65 

34  , 

8-487         - 

'M'm 

37 

I -073 

40 

9-430         J 

%°^2 

35*5 

I'oSi 

44 

'0-373        H 

34 

i-offg 

43 

n-3i6        i 

■i')i4 

32  5 

1097 

'3 

5* 

1*259    , 

305 

r:05 

■4 

S6 

■  3-M2            . 

29 

15 

60 

1^:^^    : 

-ij-S; 

27 

16 

64 

-ri-M9 

25 

1131 

6S 

r6o3i 

-  9->5 

235 

1-140 

iS 

7J 

■  6-974 

-  7-(.8 

2I-S 

19 

76 

:n^   : 

-  .^'4" 

80 

-3*1^ 

iS 

\-% 

22 

ss 

t9'803 
20-746 

0-84 
444 

'5 

12-5 

i-[)J6 

23 

92 

2I-6S9 

8-03 

lo-s 

.■■96 

24 

96 

22-632 

.1-63 

8 

1 105 

% 

23-575 

'5'23 

1*15 

;a 

24-518 

1956 

4    ■ 

i-*»5 

H 

25-46'          - 
26-404 

»4-43 

!«  vacuum 

list- 

28 

29-!9 

I     vacuum 

vHf> 

29 

116 

'7-347     '     - 

35-30 

1-257 

30 

28-290    1     - 

:;« 

8-5« 

1-268 

3' 

29-233     :     - 

12" 

'■279 

3! 

30-176      ;      - 

54.00 

,5« 

1-290 

33 

31119 

4432 

IO« 

i-.io: 

34 

31 -062   ,   - 

34.66 

4" 

I-3IJ 

3S 

~ 

33'000 

25-00 

1-5  lbs. 
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Properties  of  Solution  of  Chloride  of  CALCiuif. 

(Prof.  Siehely  *' Co ntpend  of  Mechanical -Rtfrigiraium.**) 


Porccn' 
by  WeiffI 


i6c 


tafe    I        Si>ean( 
icnc.  Heat. 


Specific 

Gravity  at 

te^Fahr. 


Freesinf 

Point 

Defreea  Fahr. 


Freesioff 
Point 

Celt. 


I 

0*996 

1*009 

31 

—  05 

5 

lO 

0964 
o«96 

1043 
1-087 

275 
22 

—  2-5 

-  5-6 

15 

o-h'6o 

I  134 

15 

-96 

20 

0*834 

1-182 

5 

148 

25 

1 

07,0 

1*234 

-^ 

— 22*1 

Table  Showing  Properties  of  Solutions  of  Chloride  of 

Sodium. 


X 

a 

1 

i              3 

4 

1 
5 

6 

1 
1 

7 

Percen- 

Pounds of 
Salt  per 

Gallon  of 
Solution. 

De|^rees  on 

Wetjrht  per 
Gaflon  at 
39''F.-4'»C.j 

Specific      ' 

Specific 
Heat. 

0-992 

-     FreexioK 

tage  of  Salt 
by  Weight. 

Salinonieter 
at  6o»  F. 

Gravity  at 
39*  F. -4**  C.I 

Point, 
Fahrenheit. 

I 

1       0-084 

4 

8-40      ! 

1-007 

305 

2 

0169 

8 

8-46       ' 

1015 

— 

2«)-3 

25 

0-212 

10 

8-50 

I-OI9 

— 

28-6 

3 

0*256 

12 

8-53 

I  023 

— 

27-8 

3*5 

0-300 

14 

8-56 

1-026 

— 

271 

4 

0344 

16 

859 

1-030 

— 

26-6 

5 

0433 

20 

865 
8-72 

1-037 

0-960 

25-2 

6 

0523 

w 

1-045 

^^_^ 

^y^) 

/ 

0-617 

8-78 

1  053 

-  — 

225 

« 

o-7o« 

32 

,          8-85 

I  061 

— 

21-2 

9 

0-S02 

i'y 

8-91 

1-068 

— 

109 

10 

0-897 

40 

8-97 

1 

1          O'lO 

1-076      ' 

0-892 

187 

12 

1-002 

48 

I -091 

16-2 

13 

1-389 

60 

9-26 

1115 

0-855 

12*2 

'       20 

1-928 

80 

9-64 
9-90 

1155 

0*829 

6-1 

24 

2-376 

'      96 

1-187 

^_ 

r*2 

25 

2-488 

100 

9*97 

1-196 

0783 

•5 

2f) 

2-610 

— 

10-04 

1-204 

—  1*1 

29 

— 

— 

— 

— 

—47 

To  determine  the  weight  of  one  cubic  fool  of  brine,  multiply  the  values  given  in 
column  4  by  7-48. 

To  ilclerminc  the  weight  of  salt  to  one  cubic  foot  of  brine,  multiply  tlie  valuo 
given  in  column  2  by  7-48. 
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Formula  for  calculating  the  Amount  of  Air  delivered  per 
Hour  by  Cold-Air  Machines,  when  the  Revolutions  and 
the  Size  of  the  Compressors  are  known. 

This  is  given  as  follows  by  Messrs.  Haslam  in  their  Catalogue  of 
ice-making  and  refrigerating  machinery : — 

^.    ,.    ,         ,        ,             AxNX2RxSx6o 
Air  discharged  per  hour  = — g x  C 

Where  A  =  Area  of  each  compressor  in  inches. 
N  =  Number  of  compressors. 
2R  =  Strokes  per  minute  (or  twice  the  revolutions). 
60  =  Minutes  per  hour. 
S  =  Stroke  in  inches. 
1728  =  Cubic  inches  in  one  foot. 

C  =  Factor  of  efficiency  which   is   taken   as    '8  for  short 
strokes,  and  '85  for  long  strokes. 

Information  required  by  Manufacturers  to  enable  them  to 

ESTIMATE    for    THE   COST    OF    A    REFRIGERATING    PlANT. 

1.  The  length,  breadth,  and  height  of  the  cellars,  rooms,  or  stores 
to  he  refrigerated.  If  the  ceiUng  or  roof  is  vaulted,  the  height  to  the 
centre  and  spring  of  the  arch  will  be  required.  Full  particulars  of  the 
means  of  insulation  adopted;  or  if  none  exist,  of  the  materials  from 
which  the  chambers  are  built. 

2.  Whether  it  is  desired  to  refrigerate  on  the  direct  expansion  or 
on  the  brine  circulation  system. 

3.  The  temperature  desiretl  to  be  maintained  in  each  chamber  or 
store. 

4.  The  nature  of  the  substance  which  it  is  desired  to  refrigerate. 

5.  In  the  case  of  a  packing  house,  or  an  abattoir,  the  largest  num- 
ber of  carcasses  to  be  cooled  daily,  and  their  average  weight. 

6.  In  the  case  of  a  freezing  chamber  for  beef,  mutton,  or  other 
produce,  the  number  of  carcasses,  etc.,  to  be  frozen  in  each  24  hours, 
and  their  average  weight. 

7.  When  a  liquid  is  to  be  cooled,  the  number  of  gallons,  or  barrels, 
to  be  dealt  with  per  hour,  and  from  what  temperature  down. 

8.  The  nature,  quantity,  and  temperature  of  the  water  supply  avail- 
able for  use. 

9.  Rough  dimensioned  plan  of  the  establishment  showing  the  most 
convenient  spot  to  locate  the  refrigerating  machine* 


Information  required  by  Manufacturers  to  enable  them  to 
ef^tlmatk  for  the  cost  of  an  ice-uaking  plant. 


.  Number  of  tons  of  i 


i  that  it  is  desired  to  produce  per  14 
r  whether  opaque 


houra. 

2.  If  clear,  crystal,  transparent  ice  is  required, 
ice  will  do  for  the  purpose. 

3.  The  nature,  quantity,  and  temperature  of  the  supply  of  water 
procurable  for  use. 

4.  Whether  there  is  an  available  source  of  steam  suj^ly  on  ihe 
premises ;  and  if  spare  steam-power,  then  how  many  hors&power  couM 
be  utilised. 

5.  When  the  installation  i.';  to  be  erected  in  existing  buildings, 
a  rough  dimensioned  plan  of  same. 

6.  Where  an  estimate  nf  cost  of  making  ice  is  required,  price  anil 
quality  of  fuel ;  wages  of  engine  drivers,  stokers,  and  common  labourers, 
for  IJ  hours  day  work,  and  for  12  hours  night  work;  if  water  has  to 
be  bought,  cost  of  same. 


Amount  of  Water  required  in  Refrigerating  Apparatus. — 
Vulcan  Iron   Works. 

For  each  rated  ton  refrigerating  rapacity  (24  hours),  allow  1  % 
gallons  of  70°  Fahr.  water  per  minute  for  ammonia  condenser. 

For  each  rated  ton  ice-making  capacity  (24  hours),  can  system,  with 
distilling  and  purifying  apparatus,  allow  3  to  4  gallons  of  70°  Fahr. 
water  per  minute  for  all  purposes. 

Five  to  eight  Urns  of  ice  can  be  produceil  for  each  ton  of  good 
coal  consumed,  depending  upon  the  size  and  care  of  plant,  etc. 

Cube    Ice. 
All  arrangement  ini'enled  by  Mr.  Van  der  Weyde  foj  cutting  ice 
into  small  blocks  or  cubes,  comprises  circular  saws  and  endless 
veying  bands  or  bells,  by  means  of  which  the  cut  blocks  or  cubes  are 
delivered  to  a  special  packing  table,  whMe  they  are  stowed  in  hox« 


for  delivery. 


d 
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Loss  OF  Pressure  by  Friction  op  Compressed  Air  in  Pipes. 

F,  A.  Halsey. 


diameter  of  Pipe. 

Cubic  fret  of  Free  Air  compressed  to  a  Gauge  Pressure  of  Co  lbs.  per 

Square  Inch  and  passing  through  the  Pipe  per  Minute. 

i 

50 

75 

100 

125 

150 

200 

250 

• 

300 

400 

600! 

i 

Loss  of  Pressure  in  Pounds  per  Square  Inch  for  each  1,000  Feet  of 

1 

Straight  Pipe. 

ins. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.       lbs. 

lbs. 

lbs. 

lbs.        lbs. 

I 

10*40 
2-63 

5*90 

i 

l| 

1*22 

275 

489 

7*65 

ii-oo 

2 

•35 

79 

1-41 

2*20 

3-^7    5-64 

878 

1 

2J 

•14 

•32 

•57 

•90 

1-29    2-30 

3-58 

5-i8 

9*20 

3 

•II 

•20 

•31 

•44      78 

1-23 

177 

3-H    7-05 

3ii 

•15 

•21  I     38 

•59 

•«5 

1-51  1  3-40 

4 

•20 

•31 

•45 

•80     i-8i 

5 

•10 

•15 

•26       59 

6 

1 
1 

■23 

Friction  of  Air  in  Tubes.— WfzwVi,  **  Min,  Proceedings  Inst,  C\E** 

k  »  coefficieDt  of  friction  =  -  +  ^,  a  and  b  being  constants,  and 
V  =  velocity  of  air  feet  per  second. 


Diameter  of  lube,  ft. 
Value  of  a 

b      . 

*ifv=ioo 


i» 


a 


1*64 

1*07 

•83 

•338 

•266 

•164 

•00129 

•00972 

•01525 

•03604 

•0379 

•04518 

•00483 

•0064 

•00704 

•00941 

•00959 

•01 167 

•00484 

•0065 

•00719 

•00719 

•00997 

•OI2I2 
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Coefficients  for  Efflux  of  Air  from  Orifices. — Molesworih. 


Vena  contracta 
Conical  converging 
Cylindrical  rounded  at  ends 
Cylindrical  throughout   . 
Thin  plates    . 


•98 

•9 

•9 
•8 

•6 


D  = 

V  = 
P  = 

V  = 
P  = 


Centrifugal  Fans. — Moksworth, 

Diameter  of  fan. 

Velocity  of  tips  of  fan  in  feet  p)er  second. 

Pressure  in  lbs.  per  square  inch. 

v^'P  X  97300. 
V^ 

97300 


Power  required  for  Fans. — MoUsworth, 

P  =  Pressure  of  blast  in  lbs.  per  square  inch. 

A  =  Area  of  the  sum  of  the  tuyeres  in  square  inches. 

V  =  Velocity  of  tips  of  fan  in  feel  per  second. 
HP  =  Indicated  horse-power  required. 
HP  =  -000016  V-  A  p. 


Proportions  of  Y k^^,— MoUnvorih, 

Length  of  vanes  =  —  •     Width  of  vanes  =    -• 

4  4 

Diameter  of  inlet  =  -  •     Eccentricity  of  fan  =  — 

2  ^  TO. 

Length  of  spindle  journal  =  4  diameters  of  spindle. 
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Solubility  of  Ammonia  in  Water  at  Different  Temperatures 
AND  Pressures. — ^ms. 
I  lb.  of  water  (also  unit  volume)  absorbs  the  following  quantities  of 
ammonia :— 


Ab»luU 

vf 

1. 

t»s. 

.04' F. 

.,.=  F.          1 

— - 

pa.,,  in. 

l». 

voli. 

Itu. 

»>b. 

Hn. 

VOll. 

gnni. 

vol.. 

.4-6:    '.  o 

899 

i-i8o 

0-5 '8 

0'6a3 

0338 

0-143 

0-074 

0-97 

15-44    1  0 

9J7 

1-231 

535 

0703 

349 

"■458 

07a 

qSo 

1-287 

S5<' 

0730 

l^l 

0-476 

083 

109 

%  : 

0J9 

'■3S' 

574 

0-754 

378 

0-49S 

088 

"5 

077 

\^^-X 

594     0-781 

39' 

0-513 

092 

19-30     1 

126 

613  1  0-805 

404 

^■S3l 

096 

126 

ao-»r      I 

177 

1546 

63  a     0-830 

414 

°'513 

.32 

ai2j      [ 

'3^ 

1-6  [5 

651      0.855 

4*5 

0-558 

106 

'39 

2J'19        1 

283 

I -(,85 

66q 

0'B;8 

434 

*;5:o 

0 

1^0 

2316    . 

'■7S4 

68s 

0'e94 

445 

115 

'5' 

2413    1 

.-823 

704 

Vi\ 

454 

'57 

«SC9      1 

443 

1-894 

463 

"5 

.64 

16-06    '    1 

490 

1-9*5 

74' 

0-911 

0-619 

'30 

27-02    1   1 

549 

2034 

;6i     0-999 

479 

0-629 

27-99        ' 

boj 

2- IDS 

;8o     1  -023 

486 

0-638 

28-95       ' 

656 

'■175 

toi      1-052 

493 

0-647 

30-B8    '  I 

■58 

2'309 

842      1-106 

5>. 

0-671 

i»-8i    1  I 

S6l 

3 '444 

88.  ,  .-.57 

53° 

0696 

J474       ' 

g66 

2-S82 

919 

1-207 

547 

0718 

lb-i,^    2 

2718 

955 

I  »54 

S<'5 

0-742 

38'5o 

0-992 

1-302 

579 

0-764 

40-53 

'■ 

0-594 

0-7S0 

Rough  Estimate  of  Refrigeration  in  Breweries. 
A  ready  method  of  obtaining  a  rough  estimate  in  tons  of  the  amount 
of  refrigeration  required  in  a  brewery-  is  to  divide  the  capacity  of  the 
brewery  in  barrels  by  4. 


General  Rules  in  Relation  to  the  Circle. 

Multiply  the  diameter  by  3  1416,  the  product  is  the  circumference. 
Multiply  the  circumference  by  "31831,  the  product  is  (he  diameter. 
Multiply  the  square  of  the  diameter  by  "7854,  the  product  is  the  area. 
Multiply  the  square  root  of  the  area  by  i  -i  2837,  and  the  product  is 

the  diameter. 
Multiply  the  diameter  by  ■886z,  the  product  is  the  side  of  a  square  of 

equal  area. 
Multiply  the  side  of  a  square  by  I'laS,  the  product  is  the  diameter  of 

a  circle  of  equal  area. 


/ 

"1 

^H 

■ 

^m 
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Tablr  showing  Propmtik  of  SATuaATro  Steam.— FbrraH. 

'tei- 

VacBian. 

lute. 

Total  H.al 

Itn.pcr 

Incha 

lbl.p«r 

Ixrfao 

T." 

MercDry, 

'ir 

Deg.  Faht. 

Unlli. 

1043-0 

, 

aojss 

-'37 

-27-886 

101-99 

11131 

6- 1065 

-12-7 

-33-85' 

116-27 

trao-5 

3 

-11-7 

-23-8.5 

141-61 

1125- [ 

1015-3 

4 

8142 

-10-7 

-21-780 

'ss-qa 

n28-& 

i 

10178 

~v 

-19-744 

1 61-34 

"3'-5 

6 

ia-ji3 

-8-7 

-17-709 

170-14 

'■338 

995-2 

7 

»4»49 

-77 

-15-673 

176-90 

"35-9 

990-S 

8 

l6'*84 

-6-7 

-13-638 

i8]'92 

"377 

986-1 

9 

18320 

-5-7 

-I1-602 

'8833 

"39-4 

982-5 

!o-35S 

-4-7 

-9567 

193-25 

1 140-9 

979-0 

W319 

-37 

-7-53' 

'^7-78 

1142-3 

975-8 

«-426 

-5-496 

201-98 

1 143-6 

972-9 

'3 

16-462 

-'7 

-3-460 

205-89 

"447 

9701 

'4 

28-497 

-'■425 

203-57 

"*I'S 

9675 

2q-932 

2(100 

1146-6 

965-8 

'5 

30533 

0-3 

o'6n 

213-03 

1.46-9 

965  1 

i6 

315^8 

"■3 

2-646 

216-32 

1147-9 

961-8 

17 

34*t«4 

23 

6-717 

219-44 

"48-9 

960-6 

18 

36639 

33 

112-40 

.149-8 

958-3 

19 

38  075 

4-3 

^''11 

12524 

1150-7 

956-6 

40-710 

5? 

.o-;g8 

217-95 

1151-5 

954-6 

42-746 

6'3 

12-824 

230-55 

11523 

952-8 

"^ 

73 

'4-859 

133-06 

"S3-0 

9S'-o 

*3 

8-3 

'5-895 

235-47 

"53- r 

949* 

»4 

48852 

93 

18930 

»37-79 

1154-4 

947-6 

*S 

50-8BB 

103 

JO- 9*16 

240-04 

"55' 

946-0 

16 

5i-9»3 

■1-3 

23-007 

241-11 

-m 

944-6 

27 

54972 

12-3 

25043 

\U 

943' 

3S 

S7'OoS 

13-3 

27 -O?!) 

1157-1 

94'-7 

»9 

Sa 

"4-3 

29- "5 

248-34 

1157-7 

940-3 

30 

15-3 

3'-i43 

■    250-27 

\'$\ 

938-9 

3" 

63' 116 

16-3 

33-187 

25215 

9375 

3* 

?5*'5J 

'X\ 

35"J 

253-98 

"S9'4 

936-3 

33 

67-188 

37-13') 

255-76 

"59-9 

935-0 

34 

69-224 

■  9-3 

39-*95 

257-5" 

M60-4 

933-7 

i^ 

71-260 

20-3 

4'-3" 

;^:j? 

ii6i-o 

931-6 

73-296 

21-3 

43-367 

"61-5 

931-5 

37 

73-33' 

J2-3 

45-319 

261-47 

ii6a-o 

930-3 

38 

77-3<'7 

233 

47-397 

264-06 

1161-5 

i" 

79'403 

»4-3 

50-463 

265-61 

..63-0 

1 
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AbtoLn 
from 

UiPr«.nte 

Trnpem- 

Total  H«i 

Vi^H»< 

Ibiprr 

■■>ch« 

ItH  net 

InchH 

Sf 

.,&., 

•X" 

or 

U«coty. 

!53 

MMCory. 

Oeg.  FaJir. 

1163-4 

40 

8" -439 

5  "■499 

367-13 

9270 

41 

83-475 

16-3 

53-534 
55' 581 

368 -fi2 

11  (.3  9 

916-0 

41 

85511 

27-3 

370-08 

ubyi 

9150 

4J 

87'547 

=8-3 

57-619 

371-51 

1164-8 

9*40 

44 

B9-5fi3 

293 

59^55 

373-91 

1165-2 

923-0 

4i 

91-619 

Jo-3 

6rt9i 

274-39 

1.65-6 

933-0 

46 

9365s 

31-3 

63-7»7 

»7S'65 

91  [O 

*l 

95'69i 

3*3 

05763 

276-99 

r 166-4 

920-1 

48 

977*7 

33'3 

67  799 

378-30 

MG6-8 

9'9-J 

49 

99763 

34-3 

69-835 

3  79-58 

1167-2 

918-3 

50 

ro[799 

15-3 

7'-8-i 

180-85 

1167-6 

917-4 

55 

iirgS 

40-3 

83-050 

386-89 

1169-4 

913-1 

60 

131-16 

45*3 

93-330 

39*5' 

9-.9-3 

(■s 

'3»-34 

SO-3 

101-410 

*97-7; 

1172-7 

905-5 

14351 

iS'3 

"'■59 

303-7 1 

1 174-3 

903-1 

k 

:s:b 

s 

113-77 
'3* -95 

311-Bo 

1175-7 
1177-0 

898-8 
89S;6 

8s 

173-06 

ro-3 

143' '3 

316-oa 

\m 

90 

185-14 

7S"3 

•S3-3' 

3*004 

95 

i93'4» 

»o-3 

163-49 

3*3 -^e 

1180-7 

103-06 

85-3 

1 73-67 

3*7-S« 

llHl-9 

884-c 

10; 

i'3:8 

Vi 

'85-85 

33'-'3 

1183-9 

881-3 

«3-96 

95-3 

'94-03 

334-56 

1184-0 

878-8 

"5 

S34-14 

roo-3 

203-67 

337-86 

1 185-0 

|76-3 

*44M" 

'OS3 

i'-l-39 

34 '-05 

1186-0 

874-0 

k::s 

"'--3 

M4-57 

344-1 J 

11869 

S71-7 

130 

'iS-3 

^34-75 

347'" 

11B7-H 

869-4 

'35 

=74-86 

i!0-3 

*44-93 

3500  f 

1188-7 

!5^3 

140 

3B504 

■=5-3 

*ss-" 

35>-8i 

UB9-5 

865-1 

'45 

!9S" 

'JO-3 

365-39 

35S-5') 

1190-4 

863-3 

150 

305-40 

ilS-3 

175-47 

358-26 

1191-2 

861-3 

lOO 

3»S76 

I45'3 

395-33     ■ 

363-40 

1192-8 

!"'i 

345-8* 

i;s-3 

316-19 

36829 

1194-1 

853-8 

i(k> 

l&t 

'*5'3 

336-55 

37*-97 

■'95-7 

850-j 

190 

Tsa 

356-9' 

377-44 

1197- [ 

^^''2 

100 

407-10 

ilS-3 

377-*7 

38 '-73 

119R-4 

843-8 

SS6 
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Fractions  of  am  Inch  and  Dbokal  EQunrAimrs. 


Fnctioni. 

Inch. 

Fnustioos* 

IM^ 

VneiiooM, 

loch. 

i.3«      ^ 

•03125 
•0625 

3-« 

•375 

23-32 

•7i«7S 

1-16 

i3-3«       ^ 

•40625 

3-4 

'^8 
•78115 

3-3*     « 

•09375 

7-16 

•46875 

«5-32 

1.8 

•"5 

i5-3» 

13-16 

*8i25 

5-3«       ^ 

•15025 
•1875 

i-a 

•5 

a7-32 

•84375 

3-16 

i7-3» 

•53125 

7-8 

•«7S 
•90625 

7-32 

•21875 

9-16 

•5625 

29-32 

1-4 

•2^ 

19-32     ^ 

•59375 
•025 

15-16 

•9375 

9-32 

•28125 

5-« 

31-32 

•96875 

5.16 
11-32 

•3i«5 
•34375 

21-32 

ii-i6 

x^ 

The  measurement  of  an  air  current  in  feet  per  minute,  divide*!  by 
88,  will  give  the  measurement  in  miles  per  hour. 


Table   Showing  the   Number   of  Miles   per   Hour   of  Air 

Currents  at  Velocities  per  Minute. 


Feet  per 

1      Miles  per 

Feet  per 

Miles  per 

Minute. 

Hour. 

Minute. 

Hour. 

10 

•113        i 

600 

6-8i8 

20 

•227 

700 

7'9S4 

30 

•340 

800 

9*090 

40 

'•^ll' 

900 

10-227 

50 

•568        1 

1,000 

^i'i(^i 

60 

•681 

2,000 

22-727 

70 

•795 

3,000 

34-090 

80 

•90*^ 

4,000 

45-454 
S6-8i8 

90 

I -022! 

5,000 

100 

II36 

6,000 

68-i8i 

200 

2'272 

7.000 

79-54^ 

300 

3-409 

8,000 

90-909 

400 

4-545 

9,000 

102*272 

500 

5-681 

10,000 

113-636 
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Hkan    TEUPERATintzs    OP    Principal    Cities    oy    the    World. 


CITIES. 

Spring. 

Sqjnm«. 

....... 

Winlet- 

AdnuaL 

England. 

"rX: 

■a 

te 

Kr 

?r; 

Bimuagfanni   . , 

48-0 

610 

50-0 

34  ■* 

4H 

Bristol..    .     .. 

■t?7 

630 

S>  5 

40 'O 

SI  OS 

46-6 

6z-q 

s>-« 

io'S 

SC.-8 

London 

»? 

61 'S 

i''3 

39-5 

SOU 

Mancfanter     . . 

610 

50-5 

34-S 

4»! 

Scotland. 

Edinburgh      . . 

457 

60-9 

48-0 

38-5 

^'i. 

Glasgow 

47-9 

50-5 

i9'9 

4,-S 

Ireland. 

Belfasi.. 

Sa-i 

Dublin 

— 

— 

— 

— 

SO'i 

France. 

Bordeaux 

5:'o 

Boulogne 

If 

Marseilles        , . 

Nice      .. 

SS-9 

7^-5 

6J-0 

487 

Paris    ,, 

S''J 

Gehhanv. 

Berlin  . . 

464 

631 

47S 

30-(. 

47'S 

Breslau 

— 

4^-7 

BudaPeslh    .. 

47*5 

Dresden 

49' 

Frankforl 

49-6 

Hamburg 

480 

46-4 

Munich     ;; 

48-4 

Trieste 

iV* 

:''S 

5<>f, 

hTi 

SS'8 

Vienna 

495 

63-9 

5^-B 

39-9 

Italv. 

HortDce 

59 

Genoa 

Milan 

55 

Naples 

SO'S 

74'5 

6s'S 

49*9 

61 

Palermo 

so-s 

7+'5 

''S-9 

52-0 

t>3 

Rome 

574 

73^ 

(.[■: 

46-(. 

59 

Turin 

53'' 

71-6 

53'8 

33'4 

53 

; 

Venico 

— 

55-4 
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Mean   Tempbratores   of    Principal    Cities   of   thb   World.- 
{ConHnued.) 


CITIES. 

Sprin,. 

— ■ 

A.,„.. 

Wiolv. 

Annul. 

Spaim&Poktucal. 
BareeloM       .. 

Madrid 
Lisbon 

59-5 

_ 

74' I 

71-L 

SE: 

Si-3 

Switzerland. 
Berne 
Geneva 

45-8 

6o4 

4r3 

304 

460 
S*-7 

Holland. 

Rottenlam       . . 

= 

z 

z 

z 

499 

Bblt-ium. 

BmsseU 

_ 

_ 

- 

- 

30.  i 

NOSWAVJcSweUKN 

Christiiinb      . . 
Slockholm      . . 

3S-J 

?;;:j 

43-5 

i5'4 

4"  7 
4ii 

D  F.N  MARK. 

437 

(130 

48-5 

3'5 

468 

KLS.'ilA. 

NicoiflLcr      '. '. 

St.  Pelcraliuti;.. 
Warsaw          , . 

433 
403 

i°1 

34''l 

it; 

13-S 

4S'5 

Tl-rkky. 

Buchatcsl 
ConsUnlinopIe, 

i'rH 

73-4 

(«-4 

40-6 

46'4     ■ 
567     , 

rAI.ESriKB. 

(X>'f. 

r^* 

bb'3 

49-6 

: 

V.a\vt. 

Cair..    .. 

7i'<) 

«46 

r4'3 

.SN-i 

ALtlEHIA. 

Aleicrs 

Tunis   ,.         .. 

..j-o 

■« 

:-j 

50'4 

T, 
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Mean    Temperatures   of    Principal   Cities   or   the   World.- 

{Cofiiinued,) 


, 



- 



CITIES. 

Spring. 

Summer. 

Autumn. 

Winti^r. 
Fahr. 

AnnuaL 

North  Amkrica 

IVflT.S. 

F..hr. 

Fahr. 

Degs. 

Fal.r 

Degs. 
Fahr. 

Bjltimoe 

600 

83-0 

64-6 

43-5 

549 

Bo'.ton 

480 

660 

530 

28-0 

490 

Chicago 

52-8 

74*5 

6i-3 

385 

45'9 

Cincinnati 

632 

818 

66-4 

46-6 

54' 7 

.Mexico 

53-6 

<i3'5 

65-1 

(X)-2 

(X)-5 

Montreal 

44-2 

691 

47*1 

»7'5 

43  7 

New  Orleans  . , 

730 

840 

72-0 

58-0 

72-0 

New  York 

500 

72*0 

56-0 

IV^ 

53*o 

Philadelphia  . . 

52-0 

760 

57-0 

340 

.S5'0 

Quebec 

— 

— 

— 

40-3 

San  Francisco. . 

580 

59'0 

f)0-0 

53-0 

57-5 

St.  Louis 

846 

67-8 

446 

4(>o 

550 

Washington   . . 

69-0 

790 

58-0 

3->o 

590 

South  America. 

* 

Bmnos  Ayrcs. . 

59*4 

73-0 

64-6 

52-5 

62-5     i 

Lima    . .  ' 

63-0 

73-2 

69-6 

5^)'0 

66-2 

Quito   .. 

603 

60  1 

62-5 

597 

601      ; 

Kio  Janeiro    . . 

72-5 

790 

74*5 

08-5 

73'^^     i 

Valparaiso 



— 

64-0     i 

East  Indies. 

! 
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— 

— 

8»-3 
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82-6 

83-3 

8o-o 

67-8 

78-4     ' 
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— 

— 

— 

81-9 

West  Indif-s. 

,            Havanna 

— 

— 

— 

-  - 
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Kingstown 

7«-3 

81-3 

800 

7e>-3 

79-0 

Port  of  Spain . . 

— 

81-5 

China. 

Canton 

69-8 

K2-0 

72-0 

54-8 

69-8     ' 

Pekin  , . 

56-6 

77-8 

54*9 

29-0 

52-6 

Australasia. 

Melbourne 



57'0 

Paramatta 

66-6 

73-0 

64  8 

54-5 

646 

vSydney 

— 

65-8 

Canary  Islands. 

1             Funchal 

^^VS 

700 

67-0 

013 

<>5-7  : 

Xkw  Zkaland. 

AucKl  .nd 

6o-i 

(if)- 7 

1 

5^-o 

>>y':s 
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Le.\ks  in  Ammonia  Apparatits. 


% 


^V  Leaks  are  readily  detected  by  the  smell  of  the  escaping  ammonia  gai 

^^  when  the  machine  is  being  filled;  at  a  later  stage,  when  working,  their 
det««tion  is  not  so  easy.  During  the  operation  of  ihe  machine  when  the 
liquor  or  brine  in  the  tanks  commences  to  smell  of  ammonia  it  indi- 
cates a  considerable  leakage.  It  is  recommended  to  test  the  liqtior  or 
brine  periodically  with  Nessler's  solution  or  other^s'ise. 

Nessler's  reagent,  which  is  the  best  to  use  for  the  discovery  of  traces 
of  ammonia  in  water  or  brine,  consists  of  17  grms.  of  mercuric  chloride 
dissolved  In  about  300  cc.  of  distilled  water,  to  which  is  added  35 
grms.  potassium  iodide  dissolved  in  100  cc.  of  water,  and  conslandy 
stirred  until  a  slight  permanent  red  precipitate  is  produced.  To  the 
solution  thus  formed  is  added  izo  grms.  of  potassium  hydrate  dis- 
solved in  about  200  cc.  of  water,  allowed  to  cool  before  mixing;  the 
amount  is  then  made  up  lo  i  litre,  and  mercuric  chloride  added  until 
a  permanent  precipitate  again  forms.  After  standing  (or  a  sulSdent 
time,  the  clear  solution  can  be  placed  in  glass-stoppered  blue  bottles 
and  kept  in  a  dark  place. 

If  a  few  drops  of  this  reagent  be  added  to  a  sample  of  the  sus- 
pected brine  or  water  in  a  test-tube,  or  other  small  vessel,  and  the 
slightest  trace  of  ammonia  is  present,  a  yellow  colouration  of  the  liquid 
will  take  place;  a  large  quantity  of  ammonia  will  produce  a  dark-brown. 
When  the  leaks  are  comparatively  insignificant  they  can  be  closed 
in  the  usual  way,  by  solder,  using  as  a  flux  muriatic  or  hydrochloric  acid 
killed  with  itinc.  In  some  instances  electric  welding  may  be  resorted 
to  with  advantage,  or  the  leak  may  be  closed  by  means  of  a  composition 
of  litharge  and  glycerine  mixed  into  a  stiff  paste,  bound  with  sheet- 
rubber,  and  covered  with  sheet-iron  clamped  firmly  in  positic»i.  When, 
however,  the  leak  is  at  all  serious  it  is  usually  the  belter  plan  to  at 
once  put  in  a  new  coil,  or  a  new  length  of  pipe. 

Leaks  in  Carbonic  Acid  Machines. 
To  detect  these,  smear  the  joints  with  a  solution  of  soap  and  water, 
and  any  leakage  of  gas  will  be  evidenced  by  the  formation  of  bubbles. 
Carbon  dioxide  or  carbonic  acid  bring  a  completely  inodorous  ga^ 
precautions  are  required  to  prevent  the  occurrence  of  leakage: 
If  the  joints,  however,  are  properly  madu  to  start  with,  tlic-y  are  foui 
in  practice,  when  once  tight,  to  remain  so  for  years. 
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r,  4!  1,42 J 
British  government,  use  of  refrigerating 

machines  by,  109,  no 
—  measures,  comparison  of,  with  U.S. 

standards,  545 
Broadbmt,  Mr.  J.  C'l  ii'tary  chocolate 

cooler,  379 
Brompton,  vacuum  machine  at.  26 
Bronze     llioy,    use    of   in    compressor 

cylinder,  122,  127 
Bnlherliood'a  refrigerator.  382 


C 


Bulliitiu  de  la  %fxxt\.i  dc  I'lndnstiia 
Minemle,"  Poelsch  proeca^ 
405.407 

liter  biougbl  over  from  Denmark,  4 

-  manufaclorici  and  dairieii,  lefrigei' 

alion  in,  396-401 

-  imports  of,  4 

ABBAGE,  cold  storage  of,  350 


Caillelel.  experiments  in  liquelactkm  01 

Calahan  suction  valve,  233 

Campattia,   refrigeration  of  cargo  hotdt 

on  board  of,  367-369 
of  proviaon  store  on  board  of, 

j'>9-37" 
Campbell.    .Snr  Weslerlin  and  Campbell 
Canada,  imports  ol  butter   and  chees 

of  chilled  beef  from,  3 

Canadian  apples,  trade  in.  4 

Canadian  Par-ma^   World,  article  a 
liUing  ice  houses,  461,  462 

Candle  and  pariifSn  oil  worka,  refngeia- 
tion  in,  j'Jl-S'Jb 

Can  hotst  for  small  planlii,  452 
—  system  of  ice- making,  418-4:2 

—  objectionable  features  of,4i^ 

411 

Cans  or  moulds,  ice,  26 

Canvas  saturated  with  cold  brine,  cool- 
ing air  with,  169 

Capacities,  refrigerating,  table  of,  256 

Capacity  of   machine    required  for  it- 
frigeralion  of  cold  chamber,  2jS, . 


»S9 
of   tefrigeraling   machine,   diagram  1 

showing  variations  in,  251 
Capillary  cream  cooler,  401 
Caralcs,  arrangement  for  Freeiiog,  278 

—  ftappcs,  production  of,  2fj 
Carbon  dioiidc.     See  Carbonic  add 
Carbonic  acid,  advantages  of,  46 

and  sulphurous  acid  refrigerating. 

agent,  44 
composiiton  of,  1 19 

—  —  compressors,  119-136.  358-36* 
■  disadvantages  of,  46,  47 

—  —  mlchine,  44-47 

leaka  in,  492,  560 

' marine  types,  358-362 

—  —  ^  lo  charge  and  work,  480-484 

—  —   properties  of,  44,  46,  47,  itg 
■  solidification  of  gas,  119 

—  anhydride.     St/  Carbonic  acid 
Carcasses,  freezing  of,  for  transport,  3\^ 

^45 
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Carcasses,  imports  of  frozen,  2,  3 

—  packing,  in  cold  rooms,  258,  376 

—  storing,  on  board  ship,  374,  375 
Carcass  hoists,  339-344 

Cargo  of  apples,  first,  from  Melbourne,  4 

—  of  frozen  meat,  first,  2 

—  of  fruit,  storage  of,  376 

Carius,  specific  gravities  and  percentage 

of  ammonia,  528 
Carpets,  preservation  of,  by  refrigeration, 

403 
Carre,  Edmond,  sulphuric  acid  machines, 

26 

—  Ferdinand,  absorption  machine,  154, 

155-159 

—  hand  power  ice  machine,  32 
Carrots,  cold  storage  of,  252 
Cars,  refrigerated.     See  Vans 
Cascade  system  of  producing  very  low 

temperatures,  509,  510 
Case  Refrigerating  Machine  Co.'s  am- 
monia compression  machines,  97- 

99 
Catamba  grapes,  cold  storage  of,  349 
Cattle,  live,  cooling  holds  of  vessels  for, 

403 
Ceiling  lofts,  cooling  pii:)es  m,  262 

Ceilings  for  cold  stores  and  ice  houses, 

323 
Celery,  cold  storage  of,  352 

Cell  ice-making  boxes  or  tanks,  425-429 

Centigrade  thermometrical  scale,  zero  on, 

9,  10 

—  and  Fahrenheit  thermometers,  com- 

parison of,  537 
Centrifugal  fans,  552 

—  pumps,  power  required  to  drive,  543 
Challoner,  Sons  &  Co.,  Geo.,  ammonia 

compressor,  94,  95 

Chambers.     Sec  Cold  storage  chambers 

Charcoal,  consistency  for  packing  insulat- 
ing spaces  with,  299 

Charge  and  work  carbonic  acid  machine, 
to,  480-484 

Charging  an  ammonia  machine,  466, 
467 

Charles'  law  of  expansion  of  gases,  i  o 

Chart  appUcable  to  any  value  of  ff,  con- 
struction of,  12,  13 

Cheese,  imports  of,  from  Canada,  4 

—  refrigeration  of,  347 

Chemical  proccssof  refrigeration,  the,  18, 

»9-23 

—  works,   use  of  refrigeration  in,  402, 

403 
Cherries,  cold  storage  of,  350 

Chew,  Mr.  Leuig,  submerged  condenser, 

138 


Chief  danger  of  deterioration  of  frozen 
meat,  5 

—  features  to  be  looked  for  in  an  air- 

cooling  tower,  151,  152 
Childs,  J.  G.,  &  Co.,  Ltd.,  automatic 

electric  beef  hoist,  339-342 
Chilled  l>eef,  imports  of,  3 
Chilling,  amount   of  refrigerating   pipes 

necessary  for,  2Q3 

—  -  or  freezing  on  wall  system,  264,  265 
Chill   room,   bacon,   with    side    cooling 

pipes,  273,  274 

beef,  cooled  by  brine  air-cooling 

batter)',  771 

beef,    fitted    with    patent    pip« 

system,  270,  271 
Chimogene,   use    of,  as    a    refrigerating 

a^ent,  43  ^ 
Chloride,  methyl,  i)roi>ertics  of.  no 

—  of  calcium,  solutions  of,  547 

—  of  sodium,  brine   made   from,   247, 

248 

properties  of  solution  of,  548 

Chocolate,  cold  slabs  or  tables  for  manu- 
facture of,  1 74 

—  cooler,  rotary,  379,  380 

—  cooling  by  cold  air,  379 

first   application  of  refrigerating 

machine  to,  379 
Choice   of  agent    for  refrigerating    pur- 

IK)ses,  34-36 
Choke-damp,  same  as  carbonic  acid,  119 
Choking  up  or  freezing  of  compression 

system,  483.  484 
Christiansen,  Adolph  Gothard,  improve- 
ments   in    absorption    machines, 

164,  165 
Christiansen.       See    also    Mackay    and 

Christiansen 
Circle,  general  rules  in  relation  to,  553 
Circulation,     methods    of    piping     that 

hinder  air,  282-286 

—  of   air   in  cold    storage    chambers, 

282-297 
Cities    of   the    world,    principal,    mean 

temi)eratures  of,  557-559 
Citron.     See  Citrus  fruits 
Citrus  fruits,  cold  storage  of,  349 
Clark,  Mr.  1).  K.,  report  on  experiments 

with    non-conducting  substances, 

305 
Classification  of  refrigerating  machiner}', 

18 
Clausius,  definition  of  heat  by,  7 
Clearances     in     ammonia     compressors, 

53-56 
Cleveland,  Ohio,  Twining's  compression 
machine  in,  36,  37 


Cloth,  hard-pressed  asbestos,  value  of,  a; 

nn  insulating  material,  304 

lUet,  experiments  by,  in  liquefaction  ol 
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ic  of,  for  insulaLing  purposes. 


—  consumption    of,   by   cold-air    ma. 

chines,  ^^^ 
Coatings  for  bnck  surfaces,  Wiilerproof, 

Cochran  Company,  carbonic  acid  com- 
pressor, IJ5 

Cocks  and  valves,  121-233 

eipanBion     or     regulating,     53, 

Z11-126 


Coil  bend,  evaporating,  239,  340 

Coils  of  pipe  in  submerged    condenser, 

dimensions  of,  :40-i4i 
Coke,   use  of,  lor   charging  air-cooling 

Cold  «r  blast  system,  (he,  251,  253 

—  —  machines,  18,  [89-220,  3ri-3;4 
refrigeratioD  by,  245-147 

—  —  —  for  marine  work,  359,  371-374 
proper  management  of,  41)2 

marine  lypes,  371-374 

system,  ihe,  189-120,  371-374 

—  —  trunk    for    marine    install  at  ions, 

—  brine,  passing  air  tbrough  body  of, 

—  rooms  or  chambers,  eonstruclion  of, 

—  packmg  of  carcasses  m,  258 

—  simple  methcd  of  prodndng,  in  hot 

climates,  24 

—  slabs  or  tables  for  the  manufacture 

of  chocolate,  174 

—  storage  chambers,  circulation  «r  air 

In,  282-297,  3/4 

lemperaturea  for,  353-357 

— ■  —  ^-  ventilation  of,  281-297 
coMc  feel  of  space  per  running 

foot  of  2-iach  piping,  254 

space,  iaspeclion  of,  374,  375 

»43-35" 

—  stores,  ceilings  for,  323 
divisional  partitions  for,  320 

—  ^  flooring  for,  321-323 

in  United  Kingdom,  5 

walls  for,  317-320 

Ccdcman,   C.    J.,   improved    absorption 
machine,  183-185 


„  ^°k  .. 


—  Ste  Bell-Coleman 

Cole,  Messrs.  T.  and  W.,  Hd.,  chocolate 

cooling,  379 

— col d-alr  machine,  212-114 

Collectors  or  oil  separators,  71,  43^,  43;, 

470-475 
"  Colliery  Manager's  Handbook,"  Gohcil 

congelation  method,  408-4  [4 

—  shafts,  application  of  refrigeration  to 

sinkingof,  404-414 
Collins,  Mr.  w.  Hepworth,  on  cvapora- 

lire  values  of  variooB  subsianeei, 

305 
Colyer,  Frederick.  C.E.,  results  obtained 

with  ether  machine,  42 
on    working    of    absotplion 

machine,  499,  joo 
Combined  lefrigerating  and   ice-maldng 

tank,  484 

—  utilisation  of  cold  air  and  brine  for 

cooling,  J  64 
Common  ammonia  of  commerce,  49,  50 
~  sail.     Ste  Chloride  of  sodium 
Com^Mrison  between  scales  of  Centigrade 

aud  Fahrenheit  thcnnometen,  537 

—  of  British  measures  with  U.S.  stand. 

atds,  545 

—  ofvanooa  hydrometer  scales,  538.  531) 
Compensating  chamber  for  slulfiig  bo>, 

Complete  discharge   of  gas  from  coni- 
prcs-sor  cylinder,  to  ensure,  53,  54 

—  installation  of  ammonia  plani  on  the 

De  La  Vergne  system,  59-6] 

—  small  brewery  fitted  with  refriger- 

ating plant,  393 
Composition  of  freezing  miituns,  22,  23 

fossil  meal,  use  of,  for  insulating 

purposes,  398 

—  —  kieselguhr,  use  of,  for  insulating 

purposes,  29S 

victuals,  49B 

Compound  ammonia  compressors,  71, 71, 

compressor,  Haslam  marine  type, 

364-360 
single-aclmg  marine  type,363 

—  submerged  condensers,  138-140 
Compression  head,  safety,  68-70 

—  heat      generated      by,      mis'eoding 

phrase,  14,  [5 

—  machine,  refrigeration  by  meaos  ol. 


cie  01  openr 
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^^^Sl^^^^^H 

^^^^^^^H^^l^^^^^^^^^^^^^^^^l 

INDEX.                                                569 

Compression  machines,  main  patli  com- 

Confectionerv-, cold  slabs  or  tables  for  the 
mann^lureof,  [74 

prised  in  all,  JS.  3& 

—   iiroccM,  thr,    18,  33-106.     Stt  alsi' 

Congealing  tanks,  marine,  375,  376 

CumpreiisLun  system 

Connections,     ite  Flange  unions 

Consistency  for  packing  insulating  spaces. 

—  system,  choking  up  or  fteeiing  of. 

199 

483,  484 

Conslruetionnl  ApplicBlions  of  refngera- 

the.  18,33-106 

tion,  404-414 

—  lemperatureii  lo  which  ammonia  gas 

Conitruclion    of    ammonia    gas    com- 

U raiied  by,  533-535 

pressors,  51-56 

Compressor,  connection  of  oil  separator 

Consumption  of  water  In  sulphuric  acid 

10.  so  that  oil  can   be  used  over 

machines,  27 

again,  475 

Cantioerl,    imports  of  fresh  beef  from, 

—  mean  pressure  of,  535 

3 

—  pUton  rod  packings.  478-480 

—  safety  crosshcad  for,  70,  71 

—  number  of  nrms  directly  interested  m 

refrigeialion  on,  5 

—  carbonic  aad,44-47,U!)-i36. 358-361 

'5S-"j9 

—  double-actlRj;.  51 

Convert  railhmetre>  into  inches,  tabic  to. 

—  ether,  36-43,  107-110 
-methyrchlJridcllo 

5*3 

Conveying  machinery,  ice,  447 

—  methylic  etber,  39-41 

• 5«  a/j-o  Hoisting  and  conveying 

—  safety  spring  heails  for,  65-70 

machinery 

—  liugle-acdng,  advaniages  of,  ji 
—  disadv;UltHges  of,  51 

Cooleisfor  cold-air  machines,   198,  199, 

iOi,  -iOb,  109,  210,  212,  316 

-  batlcry,  cormgnted  brine,  205-167 

5» 

pipcs.arranBCmeotof.inceilingloft?. 

(.".mdcnstil  ammonia,  lo  prevent  loss  of 

26) 

efficiency  by  healing  of,  461),  470 

on  brine  circulation   system, 

—  water  cooler  and  oil  »eparjtor,  43»., 

261,  262 

437 

-  lower*,  water,  151-153 

Oiiulcnscr,  accumulations  of  deposit  in, 

—  water,  formula  for  calcnlaling  amount 

475-477. 

141 

for  condenser,  469 

—  —  cootiog  waler  required ,  116,  146 

in  separator  jacket,  468 

—   —  distribution  of  cooling  water,  143 

to  economise,  140 

—  prcvenling  spluttering  of  cooling 

Cooper,     Madison,     artan  cement      for 
washing,  coolini;,  anJ  drying  m. 

water,  143,  144 

remoMng    lii|ue(icd  agent    from, 

269.  270 

"44 

correcl  relatii-e  humidity  for   n 

—  —  usual  dimensions  of,  14(1 

given  temperature  in  egg  rooms, 

—  coolinp  water  for,  469 

497 

Condenwrs,  ammonia,  marine  type,  368. 

—  -~  on  air  circulation  in  cold  storage 

369 

chambers,  282-Z97 

-  78,    114,   117,   114.   '33,    134-  13s. 

—  —  on  cold  storage  of  eggs,  348,  349 

'37-'S'.  'SS.  '59,  160,  368.  369 

—  syslem  of  mechanical  air  circulation , 

Condensing  pressure,  use  of.  for  wecr- 

advaulages  of,  J97 

charged.  487 

—  surface  for  atmospheric  condcnwrs, 

Coriiss  engine  for  driving  ammonia  com- 
pressor. 74,  100.  103 
Correct  relative  humidity  for  a  given  tem- 

amount required,  146 

perature  in  egg  roams,  497 

amount  required,  140 

Corrosion  of  cooling  pipes,  protection  oi      ^1 

from,  250                                           ^B 

Conductivity  of  vanous  substances,  ei- 

pcrimenlson,  J99-31J 

5o(                                     H 

Cost  of  working  refriycraling  macliinerj', 

499-5°: 
Cotmu  wool.     See  Slaj;  wuol 
I  Cuupon  ayttem  of  scllmg  and  delivering; 
I  ice.  462-464 

CouTTiirea,  use  of  Tcfriger.iliaa   Toi  ahari 

■iiDkiDg  ax,  405 
Cracknell's  patent  albor|ilioa  machine, 

179.  ■*> 
Crane  with  long  jib  for  raising  carcasses 

fTom  barges  into  cold  stores,  34J 
Cream  couleis,  J99-401 
Creamery   Packane  Manufacturing  Co.. 

ammonia  compressor,  96,  97 
Crsams,  frcejiing,  ice,  278 
Cr^m,  Iratte  in  froien,  ^ 
Crescent  or  semi-cylindncal  door  for  cold 

■lorage  roams,  :8i-iS7 
Cross-head,  safety,  for  compressors,  70,71 
Crushing  or  breaking  machinery,  ice,  464 
Cube  ice,  550 
Cubic  feel  nf  aramooia,  g«a  per  minute  to 

produce  one  ton  of  rerrigeralioa 

per  day,  ijl 

—  —  of  gas  pumped  per  minute  to  pro- 

duce one  tori  of  refrigeration,  _^z6 

—  —  ofspacepernmningloDtari-itich 

piping.  iSh  254 
Culleii,  Dr.,  ei|)enmeDti<  with  ether,  34 

vacuum  machine,  25 

Curraats,  cold  storage  of,  350 
Curve  PV«  =  constan-    ' 


Cycle    of    operations     iti     compression 

machines,  34-36,  51 
Cylindrical   oil    separators  or  collectors. 

470,  47 1 
Cyrogene,  use  of,  as  a  refrigerating  agent, 


Daiidson,  Reo,,  properties  of  satu- 
rated ammonia  gas,  536 
Demi  bodies,  preservation  of,  by  re&iger- 

ation.  403 
Dead  i\-cight  safely  valve,  119,  130 
De-aerated  water,  making  clear  ice  with. 


De-ai 


ini>  or  distilling  apparatus,  43J- 


Decimal   equivalents    of   fmclions 

Delinition  of  latent  heat,  6,  546 
—  nf  specilic  heal,  8 
Defiriitions  of  hea, 


De   I^  Vergni.-,  atmospheric  condenser 
•43 
—  disc  or  gill  for  cooling  pipes.   Jjl 


—  marine  types  of  ammonia  machines 

363,  37".  37" 

—  oil  separator  or  collector,  470 

—  patent  pipe  system,  170,  271 

—  safety  suction  valve,  133 

—  stop  cock,  226,  217 

—  type  of  ammonia  compressor,  5O-65 

—  type  of  pipe  joint,  2J4,  235 
Dclion  and  Lepen,  sulphuruus  acid  mi- 

Della  Beffa  and  West  elher  machine,  41 
De  MairiD,  apeeific  gravity  of  ice,  4 1 S 
De  Afotay  and  Rossi  absorption  inachtne 


condenser,  accumulatioi 


493 


>  +91. 


in  brewery,  385,  386 


Professor    produclioa  of  Ii<|aid 

—  use  of  ethylene  as  an  agent,  509 

-  \-acuumBask,  511 
Diagramsfrom"  Arc  tic"  cold-air  maeliine. 


49  r 
Diagram  showmg  varmtions  in  cBpacily 
of  refrigerating  machine,  25 1 
^  taken     from     double-acling    com- 
pressor, with  sealing  oil,  (14 

—    single  -  acting    compressor, 

without  sealing  oil,  63,  (>4 

~ single  -  acting      compressor. 

with  sealing  nil.  t^. 
Diameter  and  stroke,  ratio  between,  in 

ammonia  compressors.  54-56 

Dickerson.  Mr.  Walter,  on  pbyncal  cun- 

stanls  of  liquefied  gases.  518,  ytt 

Uimen'fions    of   standard    wrougbl-imn 

pipes.  545 

-  of  submerged  condensers,  140-142 

Direct    expansion,    coolinj^  brewery  fer- 

mcnliug  room  by,  385,  3"*' 

making  iceby,  4r7 

system,  248-253 
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Disadvantages  of  cold-air  system,    189, 
218,  219 
cold-air  blast  system,  252 

Discharge  of  gas  from  compressor,    to 
effect  complete,  53,  54 

Discharge  valves.     See  Suction  and  dis- 
charge valves 

Discs  or  gills  for  cooling  pipes,  241,  242 

—  rotating,  cooling  air  with,  269 
Dissolution  of  a  solid,  abstraction  of  heat 

bv,  18 
Distillation  of  anhydrous  ammonia,  49, 

50 
Distilling.     See  De-aerating 

—  machine,  methylic  ether,  39 
Distinctive  feature  of  the  Yaryan  evapo- 
rator, 441  ■ 

Distinct  meanings  of  beat  and  tempera- 
ture, 8 
Distributing  valve.     See  Expansion  valve 
Distribution    of  water    in   atmospheric 
condenser,  143 

—  of  work  of  compressor  piston,  95,  96 
Divisional  partitions  for  cold  stores,  320 
Dobbie,  Jonn  G.,  tests  by,  to  determine 

conductivity  of  asbestos  and  Kic- 
selghur  composition,  303 
Donaldson,  H.  F.,  lifts  designed  by,  344 

—  non-conductive  values  of   different 

materials,  306,  307 
Door  insulation,  324-327 

—  rotary,  278-281. 

—  wedge,  324 

Dortch.     See  Suppes  and  Dortch 
Douanc,   Messrs.,  methyl  chloride  com- 
pression machines,  1 10 
Douane,  Mr.  M.E.  See  Douane,  Messrs. 
Double-acting  compressor  and   tandem 
compound       condensing      steam 
engine,  82 

compressors,  advantages  of,  51 

disadvantages  of,  51 

compressor  stuffing  boxes,  pack- 
ing for,  479 
De   La    Vergne  ammonia  com- 
pressor, 57-62 

horizontal  ammonia  compression 

machine,  3^6 

—  effect  water-distilling  apparatus,  438 

—  pipe  condenser,  147,  148 
Douglas  and  Conroy  patent  sulphurous 

acid  compressor,  1 14- 1 18 
Douglas,   Messrs.  Wm.,  &  Sons,  Ltd., 
air-cooling  apparatus,  267-269 

sulphurous      acid      compressor, 

114-118 

—  Mr.  T.,  apparatus   for  cooling  air 

267-269 


Dourges,  use  of  refrigeration  lor  sinking 
shafts  at,  405 

Drawbacks  to  wall  or  plate  system  of  ice - 
making,  423 

Drier  or  dehydrator  of  ammonia   still 
lime  in,  50 

Drip  trays  for  cooling  pipes,  271,  273 

Drying,  cooling,  and  washing  air,  appa- 
ratus for,  269,  270 

Dry   system  of  working  ammonia  com- 
pression machines,  52,  53 

Duplex    marine    type  of   carbonic  acid 
machines,  360-362 

Duteme,  Victor,  metallic  packing,  478 

Dynamite  factories,  refrigeration  in,  402 


EARLY    investigators    and     experi- 
menters in  the  production  of  very 
low  temperatures,  508-512 
Eclipse  atmospneric  condenser,  143 

—  can  ice-making  box,  419 

system,  plan  of  ice  factory  on, 

447 
Economiser  or  temperature   exchanger, 

161,  177 

Economy  of   direct    expansion   system, 

250»  251 

—  of  multiple  effect  distilling  apparatus, 

444 
Effective   surface    of   cooling   pipes,   to 

increase,  264 

Efficiencies  of  ice  plants,  458 

Efficiency,  loss  of,  in  ammonia  compres- 
sors, 56 

—  of   refrigerating    machine,    greatest 

theoretical,  15 

—  of  submerged  condenser,  to  insure 

utmost,  138 

—  principal  qualities  to  be  sought  for 

in  compressor  to  ensure  maximum, 

53-56 
Egg  rooms,  correct  relative  humidity  in, 

497 

Eggs,  cold  storage  of,  347-349 

Egypt,  use  of  ether  machine  during  mili- 
tary operations  in,  109 

Elder,  Dempster  and  Co.,  transport  of 
bananas  from  Jamaica  by,  4 

Electrically-driven  ammonia  compressor, 
100 
compressor  on  railway  van,  337 

—  operated  beef  hoist,  339-342 

—  —  mutton  hoist,  342,  343 
Electrical  ten.peraturc  tell-tales  and  long- 
distance thermometers,  495,  496 

—  welding  of  condenser  and  evaporator 

coils,  124 


ric  fanii,  use  uf.  for  circulatin);  air, 

2S8,  2»<) 
—  weldiDg,  114,  240,  141 
Elcvnling  and  conveying  machiticrj-,  ice, 

447 
ElevDion  or  hoists,  ice,  454-456 
Emery,   Cboiles    H.,   cxperimcDts    with 

noil- conductors  or  heat,  J04,  30; 
Enilles!,  travelling  band  or  aproD  cboco- 

late-cooliag  apparatus,  380 
Engineer,  descripltoQ  ofPuetsch  method 


Expansion  nfgase*,  laws  of,  to 

—  siile  of  anunoBia  compiCKiion  n 

—  ivsteni,  the.  248-ZJZ 

—  valve  for  melhyllc  eiber  machine, 

—  valves  anil  cocks,  adjustment  of,  53 


£..ginee. 
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condDCting  pro- 
perties 01  various  bubstance!<,  jCH) 
Engine-room  uf  steamsbips,  location  of 

carbonic  acid  machines  in.  359 
Enock,  Arthur  G.,  safety  device  for  com- 

preffiora,  70.  7 1 
Equation  ciprcsiiag  greaiest  theoretical 
eflicioncy  o(  a  rcrtigeroting   ma- 
Equivalent  of  a  ton  of  ice,  415 
~  ofheat,  mechanical,  8,  9,  1(1 
Ei|uivalenl9  of  weight,  metric,  511 
EBchtt,    Wyss   et    Cie,    carbonic    acid 

machine,  ijj 
Eiithonian  tribe,  lUie 
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Tliltcial  cold  tiy, 
in  required  in 
in  ngent  in  hoi 


Estitnate    of   rcfrigera 

brcwcrits,  553 
Ether,  advantages  of, : 

climates,  43,  lo;- 

—  com|iosition  of,  107 

^  compressionmachrneB, 36-43, 107-110 
-  EiporimentB  with,  by  Dr.  Ctdlen,  34 

—  machine  at  brewery,  first,  379 
~  cost  of  working,  501 

—  methylic,  distilling  machine,  39 

—  objections  to   the  use  of.  as  u  re- 

frigerating agent,  43,  lor,  jos 

—  properties  of,  107 
Evaporatmg  cod  bend,  139,  240 
Evaporation  of  liquids.  522 
Evaporative  surface  con(!cnspr»,  142-146 
Evaporal  or,  care  of,  444 
Evaporators,  78,  79,  S3,   110,  114,  117, 

lis,  lao,  lai,  «4,  135,  154.  156, 

157.  "60 
Even  distribution  of  work  of  compressor, 

arrangement  for,  95,  96 
Ewing,  Prof,,  on  cascade  or  successive 

cyclesystem.joo,  510,  512 
Exchanger,  heal.  See  KcoDoniiser 
EithauHl    steam,   appanttus   for  making 

distilled  water  from,  437 
EihiMlion,   Paris,   carbonic    acid    coin- 
in,  135 
251 


r-3z6 


s  by  Or-  Cullen  with  elhcr, 
if 
—  with     non-conducting     substuior^, 
299.31a 
External  carcass  hoist,  343 
Extreme  limits  of  space  |>cr  fool  of  piping:. 
253.  »S4 


Eans,  centrifugal,  552 

—  or  blowers  for  cooling  atmospheric 

conden'iers,  145 

—  jMiwcr  required  by,  55J 

—  ]iro]>orlions  of,  552 

—  use  of,  for  drculating  air  in  raid 

stores,  a88,  289 

Faraday,  Prof.,  experiments  in  liquefac- 
tion of  go&es.  508 

Feathering  agitators,  419 

Features,  chief,  to  be  UHiked  for  in  water- 
cooling  lower,  151,  152 

Fermenting  rooms,  cooling  of,  384, 
315-388 

Film  evaporation,  441 

Finns  directly  mlerested  in  refrigeration. 

First  cargo  of  appfcs  from  Melbourne,  4 

—  class  Ether  machine,  results  obtained 

with,  42 

—  compression  machine,  33,  34 

—  law  of  thenno-dynamics,  6,  9 
Fish,  cold  storage  ol^  345.  J46 

Fish   freezing,  cubic  feet   of  space  per 

running  foot  of  z-in.  piping.  354 
Kixoi^  ammonia  compressor,  76 
Flange  unions  or  connections,  237,  238 
Flash  valve.     Sm  Expansion  valve 
Flasks,  vacuam,  for  liquid  air,  51 1 
Flat  plates  for  air-cooling  batteries,  267 
Flines  les  Raehes,  use  of  refrigeration  for 

sinking  shafts  at,  405 
Flooring  for  cold  stores,  311-323 

ice  houses,  313 

Floors  of  cold  stores,  radiation  of  heat 

through,  260 
Fluorine,  liquefaction  of,  5 1 1 
Fontaine.     See  MoUet.  Fontaine  el  Cie 
canal  lift,  use  of  refrigentkin 
-"-"'■""-  of,  407 


Forbidden  fnttt,  cold  siornge  a(,  349 

Forced  lir  drculatioii,  188-29; 

Forecoolert.  See  Supplemettlary  con- 
densers 

Fvnnula  for  ascertaining  aniounl  (if  air 
delivered  by  cold-air  machine,  505, 
549 


isofsubmerged  con- 
densers, 14a.  [41 

conversion  of  degrees  Centigrade 

or  Reaumur  into  degrees  FaUrcii- 

Foundations,  application  of  refrigemtion 
to  the  construction  of,  •)04 

Fractions  of  an  inch  nnd  their  decimal 
equivttlentft,  556 

France,  simple  method  of  making  ice, 

—  u«  of  cort  in,  as  a  non-conductor, 

298 
Freezing  chambers,  amount  of  lefrigeral- 
ing  pipes  necessary  for,  153 

—  fiih,  method  of,  345.  J46 


table  of,  2 


^i. 


—  or  choking  up  of  compression  system, 

483,  4»4 

—  times  for  diileretit  temperalnres  and 

thicknesses  of  can  icf,  457 

—  water  slowly,  at  comparatively  high 

temperatures,  416 
French  absorption  machine,  [B? 

—  brewery  section  of  Pari*  Exhibition, 

carbonic  acid  compressor  at,  135 
Fresh  provisions,  trade  in,  i.  2 
Frick  ammonia  compression  macliinc,  6j- 

70 

—  Company,     apparatus    lor    making 

distilled  water,  437 
atrangemcnl  for  cooling  brewery 

feimentbg  rooms,  387,  388 
Baudelot     eoolina      apparatus, 

355. 

—  —  bnne  strainer,  4*1,  412 

can  ice-making  box.  419 

cost  of  operating  ice    faetories, 

S06 


lhni5l,4S2 

—  —  pattern  of  ■iuctton  valve,  . 

plans  for  ice  factories,  44 

plans  for  insulatiuu.  328 

stop  valve,  218 

Friction  in  pipes,  544 

—  ofair  in  tubes,  551 

—  uf  compressed  air  in  pipes, 

pressure  by,  551 


33 


Frigorific  mixtures,  general  law  govera- 
ing  production  of  culil  by,  ai 

^r  ni^  Freezing  mixtures 

Frozen  beef,  imports  of,  ftoni  New  South 
Wales,  J 
imports  of,  from  New  Zealand.  3 

—  cream,  trade  in,  4 

—  meal,  trade  in,  2 

—  mutton,  hanging  of,  before 


403 

Fruits,  cold  storage  of,  349-353,  376 

Fry,  J.  S.,  use  of  cold  air  for  chocolate- 
cooling  by,  379 

Function  of  refrigerating  and  ice-making 
apparatus,  main,  I' 

Fungos  or  mould,  germs  of,  in  atmos- 
pheric air,  2S1 


frige  rating  machin< 
IS,    ammonia,   diHiculties     of    deaKog 

-  —  properties  of  saturated,  536 

-  compressor,  most  important  part  ol 


—  liquefaction  of,  508-521 

—  Lusaac's  law  of  exparision  of,  10 
Gas  for  balloons,  use  of  rcfrigerUion  for 

puiilicalion  of,  4OJ 

—  motor,  advantages  of,   for   driving 

small  I  efrigrrating  machines,  37(1 
ti.isolinc,  use  of,  as  a  refrigerating  agent, 

(iaswoifc  breeze,  use  of,  for  insulating 

purposes,  29B 
Gay.  C.  M,,  arrangement  (or  circulating 

air,  187 
General  law  governing  prodoctionof  cold 

by  frigorilic  mixtures,  II 

—  rules  in  relation  to  the  circle,  553 
Generator  for  absorption  machine,  1^4, 

157. 'S8 

<.iermany,  use  of  corH  in,  as  a  non-con- 
ductor, 198 

(ierma  of  fungus  or  mould  in  atmospheric 


J 


Goberl  method  of  using  retrigctation  for 
constructional  work,  408-414 

Godetl,  Henry  Carr,  use  of  lampblack  as 
an  insulating  material,  iqg.  33^ 

Gorman    improvements    in    absorption 


Gothenburg,   milk   shipped   to  I^nndoii 
Grapes,  ivld  storage  or,  349,  350 

Gravity  ^t  circulntion  in  coM  rooms  or 
chambers.  183 
—  apparatus  for  lowering  carcatises,  344 

Greafest  theoretical  elScicncy  of  a  re- 
frigerating m  acta  ioe,  15 

Great  Southern  nnd  Wesleni   Railway, 
Ireland,  refrigerator  ear,  313 

Green  vegetables,  cold  stomge  of,  351 


HAURIER,   eiperimenls    in    lique- 
faction of  gasei,  508 
Hainault  coalfield,  refrigeration  for  shaft- 
sinking  at,  465 
Hair  fell,  use  of,  for  insulsline  puriMmes, 

Hall,  cold-air    machines,  311,  311,176, 

—  J,  &  E.,  Ltd.,  tarbonic  acid   com- 

pression machines,  119-116 
cold-air  machines,  raarioe  types, 

37" 
duplex   horiionlal  carbonic  acid 

compressor,  115,  136 
marine  types    of   carbonic    acid 

machines,  359-361 

—  plan  for  chilling  and  freeang  on  wall 

system,  364,  3b J 

—  —  small     vertical     self-contained 

carbonic  acid  machine,  119-135 

single      cylinder     doubfe-acling 

horizontal  carbonic  acid  compres- 
sor, 135 

Bleamers  filled  with  refiigeraling 

machinery  for  ihe  butter  trade,  4 

—  —  lo   charge    and    work    carbonic 

acid  machine  of,  4S0-4S4 
Hal<iey,  F.  A.,  loss  of  pressure  by  friction 

of  compressed  air  in  pipes,  551 
Hnmpson,  production  of  liquid  air  by, 

5",  s;],  5>S..S"6 

Hand  power  ice-making  machine,  33 
Hai^reaves  ta\d  Inglis  cold-air  machine. 
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other  machine,  x 
ether  machine  erected  1 

first,  379 
ether  machine  in  paraffin  works,  393. 

396 
James,  ether  compresstoD  machine, 

j: 

—  improved  vacuum  apparatus,  28. 


Haslam  atmospheric  or  open-air  evapon- 
tive  surface  condenser,  144 

—  beef  chilling  room  fitted  with  patent 

biine-cooliog  batteries,  271 

—  cold-air  madlincl,  104-188 

—  cold-air  machines  at  London  and  St. 

Katherinc  Dock,  345,  347 

—  distilling  apparatus,  439 

—  formula  tor  ascertaining  ami 

ait  delivered  by  cold-iur  roachine, 
549 

—  Foundry  and  Engineering  Co.,  Ltd., 

marine   tjrpes   of  ammonia  i 
pressors,  363-366 

—  Sir     Alfred     Seale,    apparatus 

cDoling  ur,  165-267 
improvements  in  1 

pressors.  Sz-87 
Head,   safety    compressio 

96 
Healthy  working  of  ammonia  machine, 

signs  of,  467 
Heat  and  tempetalure,  distinct  meaningi 

of.  8 
~  conducting    power    of  various  su 

stances,  slate  being  1000,  310 

—  definitions  of,  6 

—  discovery  of,  8 

—  exchanger-     Aw    Temperature    c 

changer 

—  generated    by    compression,    ni 

leading  nature  of  phrase,  14,  15 

—  Intent,  S.  546 

—  mcciianical  equivalent  of,  8,  9, 16 

—  pump,  refrigerating,  machine,  a,  iB 

—  sensible,  ^6 

—  specific,  8,  546 
and  composition  of  victuals,  498 

"Healing  by  Hot  Water,"  experiments 
regarding  heat-conducung  pro- 
perties of  various  substances,  310 

Hendrick's  condenser,  148 

Henry  Vogt  Machine  Company,  aba 
tion  machine,  176,  177 

Hercules  discharge  and  suction  vatve, 
J3"-  231 
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Hercules  Ice -making  and  Refrigerating 
Machinery  Co.,  ammonia  com- 
pressor, 97 

Hick  Hargreaves,  cold-air  machine,  202- 
204 

Hill,  F.  B.,  arrangement  of  cold  store  or 
chamber,  265,  266 

—  arrangement  for  removing  snow  or 

hoar  frost   from   refrigerating  sur- 
faces, 264 
Hill  and  Gorman,  improvements  in  absorp- 
tion machines,  1 73 

—  and  Sinclair,  improvements  in  absorp- 

tion machines,  174 

—  Frederick  Barker,  improvements  in 

absorption  machines,  173,  174-176 

—  method  of  making  clear  or  crystal 

ice,  420-431 
Historv  of  trade  in  frozen  meat,  2 
Hoar  frost,  removal  of,  from  refrigerating 

surfaces,  264 
Hoisting  and  conveying  machinery,  339- 

344 
Hoists.     See  Elevators  or  Hoists 

Holden  system  of  ice-making,  434,  435 

Holds  of  vessels,  cooling  of,  403 

Hollow  or  semi- cylindrical  door  for  cold 

storage  chamber,  278-281 
Hopkinson,  Dr.,  on  cost  cf  making  ice 

with   VVindhausen    machine,  503, 

504 

—  description  of  Windhausen  machine, 

26 
Hops,  cold  storage  for  preservation  of, 

393 
Horizontal  duplex  marine  type  carbonic 

acid  machines,  360,  361 

—  pipe,  mercury  well  for,  486 
Hospitals,  cooling  of  atmosphere  of,  in 

warm  climates,  403 
Hot  beer  wort,  refrigeration  of,  381-383 

—  climates,    simple  *  methods   of  pro- 

ducing cold  in,  24 
Hotel,  arrangement  of  refrigerating  plant 

in,  277-281 
Houses,  ice,  ceilings  for,  323 

floorings  for,  323 

Houssu  coalfields,  use  of  refrigeration  for 

sinking  shafts  at,  405 
Humidity,  correct  relative,   for  a    given 

temperature  m  eg^  rooms,  497 
Hutton,   efficiency    of    hydraulic    rams, 

543 

—  proportions  of  hydrsiulic  rams,  543 

—  quantity    of  water    discharged    per 

minute  by  barrel  pumps,  542 
Hydrants,  advisability  for  provision  of,  in 
ice  factory,  457 


Hydraulic  memoranda,  545,  546 
Hydrometer  scales,  comparison  01  various, 

538,  539 
Hygrometers,  495 


ICE  and  Cold  Machine  Co.,  absorp- 
tion machine,  177-179 

—  and  refrigeration,  articles  on  circula- 

tion of  air  in  cold  storage  cham- 
bers, 282-297 

—  apparatus  for  manufacture  of,  62 

—  can  hoist  for  small  plants,  452 

—  cans  or  moulds,  26 

—  crushing  or  breaking  machinery,  464 

—  cube,  550 

—  dump,  automatic,  452-454 

—  elevating  and  conveying  machinery, 

447  ... 

—  factories,  advisability  for  provision  of 

hydrants  in,  457 
--  —  approximate  cost   of   operating, 
506 

445-447 

—  houses,  ceilings  for,  323.  324 

flooring  for,  323 

--  making,  415-445 
cost  of,  507 

—  —  in  breweries,  313 
machine,  American,  20 

machines,  management  of,  457, 

465-498 
or  congealing  tanks,  marine,  375, 

376 

plant,    information    required    to 

estimate  cost  of,  550 

—  packing,  457,  461,462 

—  properties  of,  415 

—  stores,  refrigeration  of,  461 
ventilation  of,  461 

—  tanks    and     refrigerator    combined, 

Pictet*s,  44 

—  water.      See  Attemperating 

Ideal  Refrigerating  and  Manufacturing 
Co.,  ammonia  compressor,  95,  96 

Imitation  of  natural  system  of  ice-mak- 
ing. 445 

Imperfections  of  first  absorption  machmes, 

I54»  155 
Important   part    of   ammonia    machme, 

most,  50-56 

Imports  of  butter,  4 

—  of  cheese,  4 

—  of  chilled  beef,  3 

—  of  fresh  beef  from  Coniinent,  3 

—  of  frozen  carcasses,  2,  3 
Improved  Carre  hand-power  ice  mad 

32 


Inclosctl  types  of  ammoDia  compressors, 
^■^)t^>95'  )03-io6,  114-rili 

Increase,  ihe  elTectikC  surface  of  cooling 
pipes,  lo.  164. 

India-rubber  packings  fur  ammania  com- 
pressors, 479 

—  -  works,  use  of  rcfrigeraling  rna- 

chinery  in,  40] 

—  West,  Dock,  lifts  al,  343 
Indicator  diagrams,  63-65,  ;o,  Jio,  4811- 

49:.     Sit  alsa  Dia^ams 
Inflation  of  balloons,   use  of  refrigeni- 

tion  for  parilication  of  gas  for, 

403 
Information  required  to  estimate  for  cost 

of  icc-making  plant,  5SO 
-■ to  cslimate  for  cost  of  lefrigcral- 

ing  plant,  549 

—  useCiil,  J45,  546 

tnelis.     it^  Hur)!re!Lve<>  and  Inglis  . 
Injections  or  sealing  and  lubricating  oil 

into  compressor  cylinder,  53 
Inlet  valves,  12»-133.  266 
Inspection  of  cold  storage  space  on  board 

*Wp,  374. 3:s 

Instructions  to  surveyors  re  carbonic  acid 
machines,  Board  of  Trade,  339 

Insulating  structures,  transmission  of 
beut  through  various,  31a 

Insulation,  297 

—  of  marine  installations,  358,  36; 
Internal    anangemellt    of   cold    stores, 


Joule  on  production  of  i-ery  low  lempeta- 

lures.  5i3.5i4 
Joule's  mechanical   equiTolenl  of  heal, 


Intniductii<n,  1-5 


— -  ceilings,  cellars  with,  I'U 

JACOBUS,  Professor,  Intent  heal  of 
air,  5t9 
Jnmaica,  transport  ofbanana!!  from,  4 
amieson,    Professor     Andrew,     exj)eri- 
ments  by,  on  conductivity  of  aub- 
stances,  301,  30*,  305 
Jib,   crane,   long,   for  raising    carcasses 
from  barges,  343 


Joints,  bfeakingof,  in  ammonia  machinei 
.477,  4?M    . 
—  pipe,  and  umons,  133-241 
Iilrint  socket  bend,  soldered,  23S 
Jones,    Walter,   experiments    regnrdiitj 
Don  -  conducting     properties      a 
various  substances,  310 


K£L\'IK,  on  piDdoclion  of  voy  low 
temperaluns,  S'ji  S"t 
Kjcselguhi,  result  of  tests  as  to  coniltn- 
tivitics  of,  303.  304 

—  use  of,  as  an  tnsulatmg  material,  19H 
Ktlboum  ammonia  compressor,  inclosed 

—  cream  cooler,  399 

—  improved  type  of  .iinmonia  comjires- 

sion  machine  in  dairy,  399 

—  marine   ice-making   ur    congealing 

tank.  375,  J7& 
~—  —  type    of  ammonia   compressiaa 
machine,  3(16 

—  M.  J.  K..  iuventoiof  imprmements 

in  refrigerating  machinery.  So 

—  pipe  joints,  135-238 

—  Etop-cock,  2j;,  m8 
Kingdom,  United,  cold  siore«  in,  5 
Kingsford,    improvements    in     vaonini 

machines,  35 
KJrk,  Alexander,  cold-air  machine,  191, 
193 

—  Dr.    A,    C,  application    of    ether 

machine  lo  eitraction  of  paraflin 
from  shale  oil.  379.  393-39" 
Klein  oil  separator  or  collector,  430 

—  water-cooling  tower,  is* 
"Knight's  Dictionary,"  dcscripiion  of 

Van  der  Weydc's  machine.  43 
Korh  method  of  using  refrigeration  for 

conslruclional  work,  408 
Kroeschell  Eros.   Ice-Making  Co.,  car- 
bonic acid  compressor,  131-134 

—  —  horizonl^    belt-driven    carbonic 

acid  compression  machine,  133. 134 

—  —  horizontal   rope-driven   carbonic 

acid  compressor,  134 

vertical  belt -driven  carbonic  adJ 

compression  machine,  131,  133 

LAGER  beer  femienting  rooms  and 
store  cellars,  cooling  of,  379 
Ln  Hire's  epicycloidol  device,  201 
Lam]>black.  use  of,  for  insulating  pur- 
poses, 398,  199.  3Ji 
Land      installations,      Linde     machine 

especially  designed  for,  -t 
lunge's   improved    pump    for    vacuum 


LateDI  heat,  6,  54^1 
—  beat,  discovery  of,  8 

of  ammonia,  519,  SJO 

Laundries,  um  of  refngeralion  in,  40J 
Lavoisier  ice  calorimeter,  tests  of  ci 

ductivily  with,  304 
Law.  general,  EoserninB    prmiuclion  of 

coW  by  frignrific  miiturcs,  zi 
Lawton,  Mr.  A.   W.,  proctsi   for  pw- 

setvinf  fruit,  350-J5» 
Leakage  at  joints,  cocks,  valvei,  etc.,  in 
'*'    :t  eipansioD  system,  249 

- ',  methods  of 

5. 76. 87.  W. 


-  of  gas  past  pialoi 


Ct  piston  rod,  stuflingboi,  and 
J,  Linde  method  of  prevenl- 


apparatus,  491,  492, 

—  in    enrbotiic    acid    machines,    41)2, 

Lebnln,  Mr.  B.,  cooling  pipe  vilh  gilkor 
flanges.  141 

inclosed  type  of  compressor,  lod 

Lemoas,  cold  storage  of,  349,  350 
Leslie,      imi>r.iVemcnts       in       vacuum 

machines,  25 
Lifts.     See  Elevators  or  Hoists 
Lightfool  cold-air  machine,  zo8-i  1 1 

—  iosulaliotl  r  commended  liy,  3(|K 
Liehlfool,  T.  B.,  ammonia  compressor, 

8] 

—  cold-ail  machine,  use  of.  for  choco- 

late coolinei  37<) 

—  combined  refrigerating  and  ice-making 

tank,  434 

—  condenser,  140 

— .experiments  on  heat  cooduclinly  of 
slag  vool  and  charcoal, 310-313 

—  observations   by,  on    frigorilic  mix- 

—  on  cold-air  machines,  iijo-iga 
'-  oncost  of  working,  soo-501 

—  particulars  rcgardmg  ether  m^ichinc, 

—  resnlts  of  tests  with  Linde  compres- 

uon  machine,  73 
Ume,  cold  storage  of,  34q 
Limit   to   ratio    between    diameter   and 

stroLe  in  ammonia  compressors,  51; 
linde,  Carl,  ammonia  compressors,  71-76 
method  of  agitating  water  during 

freezing,  421 

—  Company,  water-cooling  tower,  153 

machine,  3IJ3 


Liquefaction  o<  a  solid,  abstraction  ofheal 
by.  18 

—  of  gases.      5a  Production  of  very 

low  temperatures 

—  process,  the,  18,  19-Z3 

—  use  of.  by  the  Ancients  for  refrige- 

rating purposes,  19 
I.iquefactor.     Stt  Condenser 
Liquefied    agent,    arrangement    for    re- 

mot-ing,  from  condenser,  144 
Liquefier.     Sie  Condenser 
Liquid  air,  cooling  van  by  means  oQ  337, 

See  Production  of  very  low  lem- 

Lii[uids  available  for  use  in  refrigerating 
machines,  pressure  and  boiling 
point,  527 

—  evaporation  of,  szz 

Liquor  ammonia,  strength  of,  532 

Live  cattle,  cooling  holds  of  \'e9sels  for. 


designed 


403 
Lobrist,  John,  re  frige  ra 


rating  installation  at,  247 
I.,ondon  and  Tilbury  Lighterage  Company. 

refrigerated  barges,  377 
Long-distance  thermometers,  495,  496 
Loose  tools  required  in  an   ice   factory, 

4S& 
Lorenz,    Hans,   interpretation    of.  com- 
pressor diagrams,  4S()-49i 
Lowe,  carbonic  acid  mBchine,  45 
Low-pressure  refrigerating    agents.    Set 
Ether,  Methyl  chloride,  Sulphut- 


Lubricalioti   of  refrigerating    machinery, 
484 

—  qualities  of  ammonia,  478 
Lucania,  refrigeration  of  cargo  holds  of, 

.!67-369 

—  ^  of  provision  stores  of,  369-371 
Lugo  and  McPherson,  cold-air  machine. 


Lyon's    improved    absorjilla 


i 
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^         AT  ACDONALD,  ] 


n 


M  ACDONALD,  Mi.  C.  A.,  amioQ. 
nia  compressor  dengaod  by,  97 
Mach,  Dr.  EniesI,  on  heat,  6,  7 
Machines,  absotpiion,  iB,  154-18H 

—  ammonia  rompreBsiiHi,  ji-ioft 

—  carbonic  add  compmsion,  44,  47, 

119-136,  3iM.36i 

—  capaaLy  of,  required  for  refriijeTalion 

of  cold  atoraje  chamber,  35S,  259 

—  c..ld.air,  18,  1^110,371-374 

~  ether  compression,  36-43.  107- no 

—  iDclbyt  chloride  compression,  1 10 

—  sulphurous  add  comprcsNon,  iio-iiB 
MackajF  and  Cbristiansen,  impiovemeols 

in  absorption  machines,  155 

—  Frederick    Noel,    airangemetit    for 
couling   cold    storage    roi  ms    or 


macbiues,  164.  165 
Main   function  of  refrigerating  and  ii 

Man 


machinery,  465.498 

—  cold-flir  machines,  proper,  492  

Manufacturer   of   chloride    of   caldum,      Mcthyli 

solutions,  547  i. 

Manufacturers,   information   required  to 

estimate  (or   refrigerating    plant, 

545 
Manufacluringand  industrial  applications, 

379-4'4 
Marcel,  Alex.,  rale  of  passage  of  heat 

through  various  materials,  307 
Marchanl  cold-air  machine,  193 
Marine  refrigeration,  358-377 
Miiriutle's  law,  10 
Marlindale,  Colonel  B.   H.,  on  refrigt- 

raling  chambers  at  St.  Kathcrine's 

Docks,  14  s 
Manin,  hygiomeler,  494 
Mash  tuns  refrigerated,  381 
Malaum,  cargo  of  frozen  meat  in,  2 
Maxwell,  absolute  icro,  to 

—  delinition'of  beat,  7 
McRae,  Mr.  J.,  rotary  chocolate  cooler, 


379,  i 
Mean  pressun:  of  compressor,  315 


Means  for  improiing 


ilalion,  2t6- 


Meat,  trade  in  froien,  2 
Mechanical ajDiralentofheBl,  8,  9, 

—  or  forced  air  circaladoD,  188-29; 

—  re&igeralion,    thetiry   and    prsctice 

of,  (>-i8 
work  demandcdof  3  machine  for, 

Mediums,  refrigerating.     Set  Agents 
Melbourne,  lirsl  cargo  of  apples  from.  4 
Mercury  neU  for  horiioalal  (Upe,  486 

. for  vertical  pipe,  486 

Method  fur    preventing    lealingc  of  gai 

past    compressor    pislon>rod.  72, 

7].  /5.  ;6 

—  of  testmg  capacity  of  refrigerating 

machine,  487',  488 
Methods  of  ice-making,  various.  416-445 

—  of  piping   thai    hinder   circulalioiti 

282-286 
Methyl  cbloHde,  advantages  of,  as  a  re- 
frigeiating  agent,  1 10 
composilion  of,  no 

—  —  -  disadvantages  of,  as  a  refrigerat- 
ing agent,  ""- 


—  preventing   leakage    at    compressor 

piston-rod,  72,  73,  76,81,  93,  94 
Mean  temperatures  of  prindpnl  cities  in 

the  world,  5^7-559 
Meat-carrying  chamber  on  board  Com- 

/Ktnia  and  Lucania,  367-369 
Meat,  cold  storage  of,  34^.  346 

—  froien,  historj'  of  trade  in,  1 


-  compression  machine,  cipaaeioa 

-  distilling  apparatus,  29 


Milk,  refrtgerfltion  of,  347 

—  shipped       from        tiolhenhurg 
I.j>ndon,  4 

—  trade  in  froieli,  4 
Mirrlees  Watson  and  Yaiyan  Compan]',. 

dis tilling  apparatus,  441-444 
Miscellaneous   arrangcinetil.s  for  makiil|i 

clear  or  crystal  ice   liy  agitstioa^ 

429-434 
^lixer  lor  making  brine,  45!)  4G0 
Mistures,  frigotific,  observaibns  on,  21 
Modem  physicists  on  heat,  7 
Modem  types  of  Boyle  ammonia  com 

prissors,  87-89 
Moissau,  experiments  by,  i 

of  gases,  5 1 1 
Moisture  in  air,   dclerniinalioa  of,  4 

493 
—  properties  of  absorbing  gases,  1 
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Molesworth,  heat-conducting  power  oi 
various  substances,  3 10 

—  coefficients  for  efflux  of  air  from  ori- 

fices, 552 

—  centrifugal  fans,  552 

Mollet,  Fontaine  et  Cie,  carbonic  acid 
compressor,  135 

Mort,  improvements  m  absorption  ma- 
chines,  155 

—  temperature  exchanger,  161 

—  See  also  Nicolii  and  Mort 
Morton.    Professor    Henry,    on    power 

obtainable  by  expansion  of  liquid 

air,  5»9-54» 
Mouge,   experiments  by,  in  liquefaction 

of  gases,  508 
Mould,  germs  of,  in  atmospheric  air,  282 
Moulds,  cold  slabs  or  tables  for,  1 74 

—  or  cans,  ice,  26 

Multiple  effect  distilling  apparatus,  439- 

444 
Mutton,  frozen,  hanging  before  cooking, 

—  hoist,  electrically-driven,  342,  343 

NAIRN E,  vacuum  machine,  25 
Naphtha,  use  of,  as  a  refrigerating 
agent,  43 
Nattner,  experiments  in  the  liquefaction 

of  gases,  508 
Natural  system  of  ice-making,  imitation 

of»  445 
Neff,  Mr.  Peter,  on  ratio  of  diameter  to 

stroke  in  ammonia  compressors,  56 
Nelson's    cold  storage  wharf,    external 

carcass  hoists  at,  343 
Nessler*s  re- agent,  492 
Neubecker,  ammonia  compressor,  76,  77 
Neuere   Kuehlmaschinen,   interpretation 

of  compressor  diagrams,  489-491 
New  South    Wales,  imports  of   butter 

from,  4 
—  imports  of  frozen  meat  from,  3 

—  Zealand,  imports  of  frozen  beef  from, 

3 
Shipping  Company,  refrigerating 

installation,  365,  366 
use  of  pumice  stone  as  an  insula- 
ting material  in,  298 

Niagara  Hall,  artificial  ice  skating  rink 
at,  404 

Nicolii  and  Morts'  improvements  in  ab- 
sorption machines,  188 

Nishigawa  improvements  in  absorption 
machines,  173 

Non-conductive  values  of  different  ma- 
terials, results  of  tests  as  to,  306, 

307 


Non-heat-conducting  properties  of  various 
substances,  309 

Nonpareil^  first  cargo  of  West  Indian 
fruit  in,  4 

Northmore,  experiments  bv,  in  the  lique- 
faction of  gases,  508 

Number  of  cubic  feet  covered  by  one 
foot  of  I -inch  iron  pipe,  255 

—  of  cubic  feet  covered  by  one  ton  re- 

frigerating capacity,  255 

—  of   firms  directly  interested   in  re- 

frigeration, 5 

—  of  vessels  fitted   with    refrigerating 

machinery,  5 

OBJliCTIONABLE  features  of  can 
system  of  ice- making,  419-421 
Objections  to  the  cold-air  machine,  189, 
218,  219 

—  to  the  use  of  ether  as  a  refrigerating 

agent,  43 
Observations  on  frigorific  mixtures,  21 
Oceatiay  first  cargo  of  apples  in,  4 
Oil   for  lubricating   ammonia  machines, 

468 

—  injection  of  sealing  and  lubricating 

into  compressor  cylinder,  53,  56-65 

—  presence  of,  in  ammonia  system,'  468 

—  separators  or  collectors,  71, 436,  437, 

470-475 
Olszewski,  experiments  by,  in  liquefaction 

of  gases,  510,  511 
Omnes,  experiments  by,  in  liquefaction  of 

gases,  5 1 1 
Onions,  cold  storage  of,  352 
Opaque  ice,  reasons  for,  416 
Open-air  condensers.     See  Atmospheric 

condensers 
Opening  up  ammonia  machines,  necessary 

precautions,  52 
carbonic  acid  machines,  necessary 

precautions,  481 
Open  trough  system  of  cooling,  271,  272 
Operation   of  absorption  machine,    158, 

159,  161 

—  of  Frick   safety  compression  head, 

68.70 

Operations,  cycle  of,  in  ammonia  com- 
pression machines,  52 

Oranges,  cold  storage  of,  349 

Ordinary  form  of  atmospheric  condenser, 

142,  144 
of  cream  cooler,  399 

Ordway,  Prof.  John  M.,  experiments  by, 
on  non-conducting  coverings,  304 
experiments  regarding  non-heat- 
conducting   properties  of  variof 
substances,  309 
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Oiosius  an  produclioa  or  cold  by  Esthu- 

Oscillatiog  ice-making  tank  or  bos,  431 
OiydisinE  of  tea,  regulation  of,  by  rc- 
frigcralion,  401,  401 


PACKING  carcases  in  cold  rooms  ot 
chambers,  258,  376 

—  house,  cubic  feci  of  spaccperruomng 

fool  of  piping,  354 

—  ice,  462 

Packings,  compressor  pslon-iod.  47S-480 

—  )□    ammonia     compiessoi    sniffing 

boxes,  to  drive  home,  480 
Palmely,  Caleb,  on   Gobert  method  of 

congelation      for     const  ruction  al 

worii,  408-414 
Papery  or  cloth,  hard   prEsse<t   asbestos, 

valiie  of,  as  an  insulating  material, 

304 

—  use  of,  for  insulating  purposes,  298 
J'ara,  accident  on  board,  351 

Paraffin  oil  works,  refrigeratioQ  in,  Jgj- 

—  solid,  eitraclion   of,  from  shale  oil 

by  refrigeration,  379 
Paris  Exhibilion,  carbonic  acid  compressor 

al  brewery  section,  135 
Parsnips,  cold  slonge  of,  352 
Partially  submerged  pump  or  piston  agi- 
tator, 43s 
Particulats  regarding  ether  machine,  41 
Partitions,  divisional,  for  cold  stores,  320 
Parts,  main,  required  in  all  compression 
machines,  35,  }6 

—  required    in   ammonia   compression 

machioes,  5 1 
Pastcuri2ation  of  milk  in  dairies,  object 

Pastry,  cold  slabs  or  tables  for  the  manu- 
facture of,  i;-4 

Patent  system  of  preventing  leakage  at 
ammonia  stuffing  boxes,  4SU 

Peaches,  cold  storage  of,  350 

Pears,  cold  storage  of,  350 

Peclet  heal,  units  transmitted  per  square 

fool  per  hour,  300 
Peniniuiar  and  Orientai  Company's  told 

storage  chamber,  37s 
Percenla^c  of  ammonia,  53B 
Periodical  publications  dealing  wholly  or 

jiarlly  with  refrigi r.ilifiii,  ;(,2 


I'crkinf.",   Jncub,    liist    toin|ircs£ion 

chine,  33,  34 
I'hologta^ic  accessories,  u^  of  rcftlgo- 

ration  in  manuliactare  of,  401 
Physical  constants  of  liquciietj  gases,  518 
Physicists,  modem,  on  heal,  7 
Pictet  ainmooia  compressors,  Sa,  83 

—  eiperimenli  by,  in  the  liquefaction 

of  gases.  508-510 

—  Raaul,  cipcrimenls  by,  on  radiaUoa 

al  low  temperalun^,  300.  301 
sulphnr   dioxide,   or    sulphnrom 

acid  machine,  43.  44 
Piclet's  .improvements    in    absorplhin 

machines,  1S7 
Piclet.     See  alij  Tellier  and  PiOct 
Pieper,  Mr.,  on  amonnt  of  water  used  1^ 

Windhausen  machine,  504 
Pipe  joints  and  unions,  133-242 
Pipe-loft,  or  coil-room,   sysicm    of  air 

circulation,  287,  iS8 
Pipes,  Inction  in,  544 

—  Set  also  Cooling  pipes 
Piping  for  cold  Mores,  253'3Sfi 

—  methods  of,    that  hinder  air  circu- 

lation, 182-286 
PistoD  or  pump  agilalois    for    making 
clear  or  crystal  ice,  431-4 J4 

—  rod,   means  for  prevcnling   Icakaga 

al,  72,  73.  7<>.  "'.  '02.   122.  129, 
131.  '33.  '35 

—  rod  packings,  compressor,  478-480 
Pitch,  use  of  for  inmlaiing  purposes,  298 
Plant  growth,  regulation  of  by  refrij;en- 

tion.  40J 
Plate,   beat-um'ls    transmitted    through, 
square  foot  ])erhour,  300 

—  or  wall  system  of  ice-making,  41G, 
4"-435 

of  making    dear    or  crystal 


Poelsch   process  for  sinking   shafts   by 

rcfrigerBlion,  405-40; 
Points  to  be  looked  f-r  in  a  water-cool- 

Ponlifes,  E.  L.,  improvemen'sinabsorp-i 

lion  machines,  li;5,  107,  168 
Ponlifei-Wood,  absorption  machine,  use 

of,  in  atliiicia]  butter  worlra,  397, 


—  absor]ition   niachine 
499,500 

—  can  icc-tnaking  lank  or  bo»,  4iE^ 
419,  426,  428  'I 

—  ice-making  tank  or  box  on 
oiplalesyslem.  4)3,424 

—  improvemenis  in  absorption 
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Pontifex-Wood,  pyramid  ice-niakinj»  box, 

418 
Portable  distilling  apparatus,  443,  444 
Postle  cold-air  machine,  193,  194 
Power  obtainable  by  expansion   of  one 

pound  of  licjuid  air,  519-521 

—  required  to  drive  centrifugal  pumps, 

543 
to  raise  water  from  deep  wells, 

542 
Practice,    limit    in,    between     ratio    of 
diameter  and  stroke  in  ammonia 
compressors,  55 

—  theory  and,  of  mechanical  refrigera- 

tion, 6-18 

Precautions  when  opening  up  compres- 
sion machines,  necessary,  52,  481 

Preservation  of  dead  bodies  by  refrigera- 
tion, 403 

—  of  furs  and  various  fabrics  by   re- 

frigeration, 403 

—  of  meat  by  refrigeration,  243 
Pressure,  absolute,  9 

—  and  boiling  point  of  liquids  available 

for  use  in  refrigerating  machines, 

527 

—  back,  loss  of  efficiency  in  ammonia 

compressors  from,  56 

—  of  water,  540 

Principal  freezing  mixtures,  table  of,  22, 23 
Principles  involved  in  process  of  refrige- 
ration, simplicity  of,  17 

—  of  operation  of  ammonia  compressor, 

5»»  52 
Process,  absorption,  the,  18,  154-188 

—  compression,  the,  18,  33-106 

—  liquefaciion,  the,  18,  19-23 

—  vacuum,  18,  24-32 

Production  of  cold  by  frigorific  mixtures, 
general  law  of,  2 1 

—  of  very  low  temperatures,  50S-521 
Propeller  for  brine  agitation,  421 
Proper  management  of  cold-air  machines, 

492 

—  methods  of  storing,  and  temperatures 

for  cold  storage,  345-357 
Properties  of    saturated    ammonia    gas, 

53^> 

—  of  saturated  steam,  554,  555 

—  of  solution  of  chloride  of  calcium, 

54«   . 

—  of  chloride  of  sodium,  548 

Protos,  cargo  of  frozen  meat  in,  2 
Provisional  specification  of  Dr.  William 

Hampson,  515 
Provision  stores  or  chambers  on  board 

s.s.  Campania  and  Lucania,  369, 

370 


Provision  trade,  fresh,  i,  2 

Psychrometers,  491,  492 

Publications,  periodical,   dealing  wholly 

or  partly  with  refrigeration,  562 
Public  buildings,  cooling  atmosphere  of, 

in  warm  climates,  403 
Pulsometer  Engineering  Co.,  Ltd.,  am- 
monia compressors,  77-80 

— cell  ice-making  tank  or  box, 

429 

cold  storage    chamber,    261, 

262 

cost  of  working,  502 

hand  power  ice  machine,  32 

ice  tank  or  box  room  of  ice 

factory.  446,  447 

ice-making  box,  424,  425 

refrigerated  barges,  377 

refrigerated  railway  van,  330 

Pumice  stone,  use  of,  as  an  insulating 

material,  298 
Pump  agitator  for  making  clear  or  crystal 

ice,  431-434 

—  for  clearing  absorber,  168 

—  for  vacuum  machine,  improved,  28 
Puplett  agitators  for  ice-can  box,  419 

—  ammonia    compression    machine  in 

small  store,  276 

—  and  Kigg,  arrangement  for  lifting 

ice  cans,  450-452 

patent  separator,  471 

regulating  valve,  223,  224 

—  marine  type  of  ammonia  compressor, 

3^3 

—  Samuel,  improvements  in  ammonia 

compressors,  83,  84 
Puplett's    water  -  saving    and    cooling 

apparatus,  1 49-151 
Purification    of    gas    for    inflation    of 

balloons,  use  of  refrigeration  for, 

403 
Purity  of  carbonic  acid,  to  test,  119 

Pyramid  ice- making  box,  418 

QUALITIES     of    ammonia,    lubri- 
cating, 478 

—  principal  to  be  sought  for  in  com- 

pressor, 53,  56 

—  rendering  carbonic  acid  particularly 

suitable  for  use  on  ship-board,  359 
Quality  of  oil  to  be  used  for  sealing  and 

lubricating  purposes  in  ammonia 

compressors,  57 
Quantity  of  water  discharged  per  minute 

by  barrel  pumps,  542 
Queensland,  imports  of  frozen  beef  from, 

3 


RABBITS,  trade  in  fnuen,  4 
RadiatioD  uf  hei[  ihtuugh  walls  of 
cold    slDiage    cbambcrs.    etc., 

Railway  vans,  refrigenilcd.  330-338 
RansoDieaftd  Rapier  absnrplioD  machine, 

Raoul    Pictet    Co.,    sulphurous     acid 

machine,  118 
sulphur  dioxide  or  sulphurous 

acid  machine,  43,  44 
RB,pid  liaaeraclionofa  solid,  aba  traction 

□rheat  by,  iS 
Ratio   between  diameter  and   stroke  of 

ammonia  compressor,  S4.  5& 
Rau's  almuspheric  condenser,  145 
Reaumur  thennometncal  scale,  zero  on, 

9,  :o 
Reciprocating  agitators  for  making  clear 

or  crystal  ice,  4lg'4t9 
Red  cnrtaots,  cold  storage  of,  350 
Redirood,  boiling  point,  latent  heat,  etc., 

of  anhydrous  ammotiiB,  519,  530 
Reece,  Rees,  improvemenlB  in  absorption 

machines,  155,  159-ibi 
Refrigerated  railway  vans,  330-338 
Refrigerating     apparatus,    amount     of 

water  required  by,  550 

—  capacities,  table  of,  155 

—  capacity   in    B.T.U,    required    per 

cubic  foot  of  storage,  155 

—  machine  a  hea'  pump,  iS 

—  machine,  greatest  theoretical   effici- 

ency of,  15 

—  machinery,  classification  of,  iS 
lubrication  of,  4^4 

—  plant,  information  retjuired  to  esti- 

mate for,  549 
^  —  testing  of,  484-491 
Reftigeration,  amount  of,  required  in  cold 

—  and  cold  storage,  143-338 

—  bibliography  of,  561.  562 

—  chemical  procesfcof,  iB,  lg-23 

—  in  bnlter  manufactories  and  dairies, 

396-401 

—  mechanical   working  of   a  mnchine 

for.  13,  14 

—  number  of  firms  diicttly  inlcrcsled 

—  use  of  in  variom  industriw,  401-404 
Refrigerator.    See  Evaporator 
Regeoled  ice  machine,  434,  435 


Regenerative  method  of  producing  very 

Registering  thermomeleis.  496-497 
Regularly  of  temperature  of  fnui  cargo, 

necessities  for,  376,  377 
Regulating  ihe  temperature  of  ferment- 
ing of  tea  by  refrigeration,  401, 


tion.  403 

Relative  humidity  for  a  given  lempeia- 
lure  in  egg  rooms,  correct,  497 

RemiogloQ    Machine  Co.,   single-acting 
inclosed  patlem 
pressor,  90,  91 

Results  of  experiments  on  the  conduc- 
tivities of  various  substances,  30J 
tegariiing  heal -conducting  pro- 
perties of  various  substances,  309 

regarding  non- heat -conducting 

properties  of  various  sulislonce, 
3'9 

—  of  tests  to  determine  the  nnn-ci 

duclive   values   of  difletent   t 
Icrials,  Donaldson,  306-307 

—  of  tests  to  delennine  the  dod-ci 

duclive  values  of  various  materials, 
Wallace,  30; 

—  of  lesti  OQ  the  heat -conductivity  of 

different  substances,  308 
Relum  socket  bend,  ^38,  13(1 
Resolving  door  for  cold  storage  nwmb. 


Rhigolin< 


Kof,a: 


1  refrigerating  agcut. 


Rice,  Mr,  A.  L., 


Richardson,    Dr.   B.   W., 

ammonia  on  fresh  meat.  249 
Rich,  H.  b.  atvdCo.,  work  on  e^gs  ir 

cold  storage,  349 
Rigg.  Jonathan  Lucas,  improvemcots  in 

ammonia  compressors,  S3,  84 
Rigg.     St*  Pupleit  and  Rigg 
Rilleux.  triple-elfect  distilling  apparaloi, 

43a 


Rocking  or  oscillating  ice- making  tank 

or  box,  431 
Romans,  cooling  of  wine  by,  with  silt. 

Rosc'ie,  Sit  Hcniy  E.,  on  caibooic  add. 
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Rossi.     See  De  Motay  and  Rosai 

Rotary  agitators  for  making  clear  or 
crystal  ice,  418 

Rotating  discs,  arrangement  for  cooling 
air  with,  269 

Rotating  door  for  cold  storage  rooms, 
278-281 

Rough  estimate  of  refrigeration  in 
breweries,  553 

Ruapeku,  refrigerating  installation  on 
board  of,  365,  366 

Rugs,  preservation  of,  by  use  of  refrigera- 
tion, 403 

Rules,  general,  in  relation  to  the  circle, 

553 
Ryan,  T.  J.,  refrigerator  car,  337 

SABROE  &  Co.,  Limited,  D.,  car- 
bonic acid  machine,  135 

Thomas    Ths.,   sulphurous    acid 

machine,  118 
Sacking  saturated  with  cold  brine,  cool- 
ing air  with,  269 
Safety  devices  for  compressors,  70,  7 1 

—  heads  for  compressor  cylinders,  65- 

70,  95«  96 

—  valves  for  cjirbonic    acid    machine, 

125,  129,  130.  133,  134 
Salsify,  cold  storage  of,  352 
Salt,  properties  of  solution  of,  548 
Sandbach,  combined   cream   cooler  and 

heater,  399-401 
Santorio,  cooling  wine  by  mixture  of  snow 

and  salt,  19 
Saturated    ammonia  gas,   properties   of, 

524,  53^^       .       ^ 

—  steam,  properties  of,  554,  555 

Sanng   of  power  and  cooling-water  in 

condensers,  146,  147 
Schmidt,  M.  E.,  refrigerator  car,  337 

—  on  Poetsch  process  of  sinking  shafts 

by  refrigeration,  405-407 
Schmitz,     Mr.    Constanz,     method     of 

testing    capacity  of  refrigerating 

machine,  487,  488 
Schou,  H.  H.,  patent  evaporator,  135 
Scientific  American,  article  on  effect  of 

ammonia  on  fresh  meat,  249 
Screen   or  apron   in   front   of   side-wall 

piping,  286-287 
Screw  agitator.     ^SV^  Agitator. 
Screwed  and  soldered  joints,  234-238 
Seeley,     improvements     in     absorption 

machines,  173,  185-187 
Self-contained  marine  type  of  .ammonia 

compression  machine,  363,  364 
Selfc,    Norman,    ammonia   compressor, 

96,  97 


Self-registering  thermometer.  See  Ther- 
mograph 

Semi -cylindrical  door  for  cold  storage 
rooms,  278-281 

Semi -St  eel,  use  of,  in  compressor 
cylinder,  132 

Sensible  heat,  540 

Separators  or  collectors,  oil,  436,  437, 

470-475 
Shafts,  use  of  refrigeration  for  sinking, 
404-414 

—  ventilating,  for  cold  stores,  281 
Shale  oil,  extraction  of  solid  paraffin  from, 

by  refrigeration,  379 

Shallow  stationary  cell  system  of  mak- 
ing clear  ice,  416 

Shipley,  Mr.  Thomas,  improvements  in 
St.  Clair  compressor,  106 

Siberian  rivers,  use  of  refrigeration  for 
prospecting  in,  408 

Siebe,  Gorman  &  Co.,  ether  compression 
machine,  37,  38,  42 

Siebel,  Professor,  amount  of  condensing 
surface  required  in.  atmospheric 
condensers,  146 

on  cold  storage  of  fruits,  349 

on  dimensions  of  submerged  con- 
densers, 140 

properties  of  solution  of  chloride 

of  calcium.  548 

Siemens'  ice-making  apparatus,  20 

—  experiments  by,    m  lique&ction  of 

gases,  508,  512 
Silicate  cotton.    See  Slag  wool 
Silks,  preservation    of,  by  means  of  re- 
frigeration, 403 
Simple  method  of  procuring  ice  used  in 
France,  24 

of  producing  ice  in  hot  climates,  24 

''Simplex"  absorption  machine,  179,  180 
Simpbcity  of  principles  involved  in  pro- 
cess of  refrigeration,  17 
Sims,  solubility  of  ammonia  in  water  at 
different  temperatures  and   pres- 
sures, 553 

—  solubility    of  ammonia  in  water  at 

different  temperatures,  531 
Sinclair,   improvements    in    absorption 

machines,  174 
Single-acting  compressors,  advantages  of, 

57 
disadvantages  of,  51 

losses  due   to  clearances  in, 

54,  55. 

—  compound    marine    type    ammonia 

compressor,  363 

—  effect,  Yaryan  distilling  apparatus, 

439,  440 


Sinking  i^f  colliery  shafls,  applicalion  of 

refri);eration  1o,  404,  405-414 
Siies  and  capacilies  of  various  icc-niaking 

plants,  459 
Skelp,   condcnsCT    pipes  made  of,   144, 

145 
Skinkic,  Eugene  T.,  lable  of  dimeiuionii 

of  almuspheric  condcnsen,  146 
[ableofdimenaons  of  submerged 

condetuen,  141,  141 
Slabs  or  tables,  cold,  for  maDufacturc  of 

Slag  woot|  consiBtency  foe  packing  insula- 
liog  spaces  wilh,  igq 

—  —  <3fx  of,  as  an  iusuialing  material, 

Small  brewery,  plan  of  refriger^ling 
plant  for,  31)3 

—  cold  storage  chamber,  with  Haslam 

ccild-air  caacliine,  276 
storage    chamber   wilh    Puplell 

ammonia    contpre-sion    machine, 

176.177 
storage  chamber  wilh  Triumph 

nmmoiiia    compression    machine, 

Snow,  removal  of,  froni  refrigerating 
sorfaccs,  164 

marine  cold  storage  chamber,  375 

Sodflf  Gcnevoise  de  Construction,  ^ul- 

phurons  acid  machine,  1 1 8 
Socket  bend  joint,  238 

return.  239 

Soda  water  works,  use  of  refrigeration  in. 

Sodium,  chloride  of.    See  Salt 

Soft  fruits,  trade  in,  4 

holid,  nbslraclion  ofheat  by  liquefaction 
of.    [8 

Solidification  as  a  test  for  purity  of  car- 
bonic add,  119 

Solid  parafliD,  extraction  of,  from  shale 
oil,  by  refrigeration,  379 

Solid  steel  forging  for  compressor  cyliu - 
tiers.  131 

Solubility  of  ammonia  in  water  at  different 
temperatures.  531,532 

—  of  ammonia  in  water  at    different 

temperatures  and  pressures,  553 
Solution  of  chloride  of  calcium,  proper- 
ties of,  54S 

—  of  sail,  properties  of,  548 
Solutions  of  chloriilc  of  calcium,  various, 

54? 

Solway,  regenerative  method  of  produc- 
ing low  temperatures,  517,  513 

Soudan  Campaign,  use  of  ether  machine 
durmg,  no 


Southampton     Docks,     cold     slorei    or 
chambers  at,  25S 

—  Cold   Storage   Company,   devalois, 

Southby.     Sa  Blyih  anil  Southby 
South   Wales,  New,  itnporta  of  butter 

—  —  imports  of  fm/en  beef  from.  3 
Spattering  of  coaling  water  in  atmM- 

pherie    condensers,    to    prevent. 
14  J.  '44 
Sp-cnlic    gravities    and    |>crcentagc    of 

—  Eravtyol  ice,  415 

and  composition  of  lictuals,  49s 

defmilion  of,  8 


;.  t'S 


Spiral  Hgitator  for 


c  making  boi, 


Spring  safety  compressor  heads,  65-70 
Slallman's  ammonia  compressor,  96,  97 
Standard  Butler  Company,  railway  van 

cooled  by  licjuid  air,  337,  338 
Standard  wrongbl  iron  pipes,  ('^■"-■».^'* 


Stanley,  H.  t'.,  improvements  in  absorp- 
tion machines,  155,  16Z-164 

—  refrigerator  car,  designed  by,  333-336 
Starr,    transmission    of    heat     IbrDU^ 

various  insulating  structures,  312 
Starting  ammonia  machine,  467 
Stalionarv  cell   system   of  ice  making, 

425429 
St.  Clair  compound  ammonia  compres- 

—  system    of  circulating    air   in  cold 

chambers,  287,  zHS 
Sleinic  thennomeler,  osed  on  chocolate 

cooler,  380 
Sterne,  I.,  &  Co.,  Ltd.,  ammonia  com- 
pressors, 56-65 
Stevenson's  cold-air  machine.  204 
Stewart  &  Co.,  Ltd..  D.,  carbonic  acid 

compression  machine,  13(1 
Stewart  Balfour  on  rise  of  lemperalUK 

of  air  under  compression,  7 
Still  for  absorption  machine,  154.  Sitalte 

fJcneralor 
Si.      Kalhcrine      Dockh.      rrrrigerfttine 

chambers  nt,  245-347 
Stocker  water  coohng  tower,   152 
Stochbolni,   construction    of  tunnel    by 

refrigeration  at,  404,  40c 
Stop  cocks  and  valves,  226-318 
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Storage  chambers,  amount  of  refrigerat- 
ing pipes  required  for,  253 

—  of  fruit  cargo,  proper,  376 

—  of  various  articles,   proper  tempera- 

ture for,  345-357 
Stores,  cold,  number  of,  in  United  King- 
dom, 5 

—  cold,  walls  for,  317-320 
Storing  ice,  461-464 
Strainer,  brine.  421,  422 

Straiton,  Mr.  John,  door  for  cold  storage 

rooms,  324 
Strathleven^   first   cargo  of  frozen  meat 

brought  over  in,  2 
Strawberries,   cold  storage  of,  350 
Strength  of  liquor  ammonia,  532 
Stroke,  ratio  between,   and  diameter  in 

ammonia  compressors,  54-56 
Stuffing  boxes  for  ammonia  compressors, 

479 

—  box  glands,  sealing  of,  56,  57 

Sturgeon's  cold-air  machine,  204 
Submerged  condensers,  137-142 
Successive    cycle    system    of   producing 

very  low  temperatures,  509,  510 
Suction  and   discharge  valves,  228-233, 

266 
Sugar  factories  and  refineries,  use  of  re- 
frigeration in,  402 

—  machinery  treatise  on,  444 
Sulphur  dioxide.     See  Sulphurous  acid 
Sulphuric  acid  refrigerating  machines,  25, 

28 

—  ether  compression  machine   37,  38 
Sulphurous  acid,  advantages  of,  as  a  re- 
frigerating agent,  II   ,113 

machine,  43,  44 

objections  to  use  of,  as  a  refrige- 
rating anient.  44,  1 1 1 

properties  of,  4^,  44,  1 10,  i  ii 

Sulzer  engine,  compressor  pumps  driven 

by,  73.  114 

Superheating  of  ammonia  gas  in  com- 
pressor cylinder,  means  for  pre- 
venting, 82,  83 

Supplementary  condensers  or  forecool- 
ers,  F46,  147 

Supples  and  Dortch  expansion  valve,  224, 
226 

Surfaces,  brick,  waterproof  coatings  for, 

313-317 

—  of  cooling  pipes,  to  increase,  264 

Sylvester  process  lor  waterproofing  brick, 

317 
System,  absorption,  the,  18,  154-188 

—  cold  air,  the,  189-220,  371-374 

—  compression,  the,  18,  33-136 

—  liquefaction,  the,  18,  19-23 


Systems    of   operating    ammonia    com- 
pression machines,  two,  52 


TABLE  giving  number  of  cubic  feet 
of  gas,  that  must  be  pumped  per 
minute,  to  produce  i  ton  of  re- 
frigeration in  24  hours,  526 

quantity    of    water     discharged 

per  minute  by  barrel  pumps,  542 

size    and    capacities   of    various 

ice-making  plants,  459 

the    extreme     limits    of     cubic 

feet  of  space  per  running  foot  of  2- 
inch  pipmg,  253,  254 

the  relative  heat -conductivity  of 

various  boiler- covering  materials, 
308 

—  of  amount  of  heat-units  transmitted, 

per  square  foot  per  hour,  through 
various  substances,  300 

—  of  approximate  cost  of  ice-making, 

507 

—  of  approximate  cost  of  operating  ice 

factories,  506 

—  of  boiling  point,  latent  heat,  etc.,  of 

anhydrous  ammonia,  529,  530 

—  of   calculated    relative    amounts    of 

vapour  condensed  and  deposited  in 
the  various  stages  of  cooling,  209 

—  of  comparison  between  the  scales  of 

Centigrade  and  Fahrenheit  ther- 
mometers, 537,  538 

—  of   conductivities    of   asbestos    and 

Kieselguhr  composition,  303 

—  of  correct   relative   humidity    for    a 

given  temperature  in   egg  roomp, 

497 

—  of  correct  relative  humidity  in  egg 

rooms,  349 

—  of  cubic   feet   of  ammonia  gas  per 

minute  to  produce  one  ton  of  re- 
frigeration per  day,  251 

—  of   diameters,   areas,   and    displace- 

ments, 541 

—  of  dimensions   of  atmospheric  con- 

densers, 146 

of  submerged  condensers,  142 

etc.,    of   standard    wrought-iron 

pipes.  545 
--  of  efficiency  of  hydraulic  rams,  543 

—  of  equivalents  of  weight,  metric,  523 

—  of  evaporation  of  liquids.  522 

—  of  fractions  of  an  inch  and  decimal 

equivalents,  556 

—  of  freezing  times  for  different  tem- 

peratures, and  thicknesses  of  cr 
ice,  457 


Table  of  frictioD  of  air  in  tubes,  551 
-in  pipes  5,4 

—  of  heat-conducling  power  of  vinous 

substances,  slate  beiog  icon,  jio 

—  orhydraulic  tam  praportious,  543 

—  of  ice  plant  eflkiencies,  4;t( 

—  of  lineal   Feel  of  l-ioeh   piping  re- 

quired    per    cubic    foot    a{    cold 
sioriEespace.  2S4 

—  of  loss  of  presamc  by  friction  of  com- 

pressed ail  in  pipes,  SS' 

—  of  mean  pressure  of  compressor,  525 

—  of  mean   temperatures  of  principal 

cities  of  the  world,  ssr-isg 

—  of  metric  system,  535 

—  cf   noQ-heal-condiicling   properties 

of  various  substances,  }09 

—  of  number  of  cubic  feel  covered  by 

one  foot  of  l-incb  iroii  pipe,  15J 

—  of  number  of  cubic  feel  covered  by 

l-lon    refiigeraliQB    capacity    for 
twenty-four  hours,  155 

—  of  physical    constants   of  liquefied 

eases,  518 

—  of  power  required   to  drive   centri- 

fugal pumps,  S4J 

—  of  power  required  to  raise  w.ilcr  from 

deep  wells,  54Z 

—  of  pressure  of  water,  540 

—  of  principal  freezing  mutures.  i:,  13 

—  of  properties  of  saturated  ammonia 

gas  (Dc  Volson  Wood],  536 

—  of  properties  of  saturated  ammonia 

gai(Yaryan),  W4 

—  of  solution  of  chloride  of  calcium, 

548 

—  of  rate  of  passage  of  heot  through 

various  materials,  307 

—  of  refrigerating  capacities,  2S& 
Caparilyrequiredper  cubic  foot  of 

storage  room,  255 

—  of  relative  hnmidity  per  1  enl..  494 

—  of    results   of  different    enperimenls 

on    the    heat    con  d  activities    of 
various  substances,  305 
-of   experiments  regarding    non- 
heat     conducting    properties     of 
various  substances,  309,  310 

'  lents  made  with 


cold -a 
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conductive  lalues  of  different  ma- 
terials, 306,  307 

of  tests  to  determine  ihe  non- 
conductive  values  of  various  ma- 
terials, 307 

—  —  of  tests  on  the  heat  conductivity 
of  dilTerenl  substances,  30S 


Table  of  results  of  tests  by  Professor 
Jamicson  as  to  relative  and  ab- 
solute thermal  con  ductilities  of 
substances,  301 

—  ofsoIubiHiy  of  am 

differenl  temperatures,  531,  5J3 

—  of  solubility  of  ammonia  in  water  al 

differcnl    IcmperatniES    and   prei- 
slites.  553 

—  of  soluuons  of  chloride  of  caldnm. 


-  of  specific  heat  and  compositioB  of 

victuals.  49S 

-  of  strength  of  liquor  ammonia,  532 

-  of  lempetatures  adapted  for  the  cold 

storage  of  various    articles,  353- 
357 


— -  of   testa    of    waterproofing   bricks, 
3'4.3i5.  316 

—  of  timere<|uired  for  n-alerlo  bcexeia 

ice  cans,  45S 

—  of  weighls  of  aqueous  vapour  be!d  in 

suspenaon  in  pure  dry  air,  495 

—  of   yeaily    impurts    of   frosen    Had 

chilled  beef,  3 

—  of  yeariy  imports  of  froien  muttoa 

—  of  yield,  etc.,  of  anbydroos  ammonia 

from  ammonia  solutions,  533 

—  showing  pressure  and  txHling  pcint 

of  some  of  the  liquids  av^blc  for 
use  in  refrigerating  machines,  517 

—  showing     properties     of    saturated 

steam,  SS4.  555 

—  showing  properties  of  solutions  of 

salt,  548 

—  shiiwing   the  number   of  miles  per^ 

hoar  of  air  currents  al  vetodtieti 
per  minute,  557 

—  ^howing  transmission  of  heat  ihroiq^ 

various  insulating  structores,  311 

—  to  cnniert  kilos,  jer  sq.  mm.  into 

tonspersq.  in..  528 

—  to  convert  millimetr  sintoinches.S 
Tables  or  slabs,  cold,  for  mannfoctiire 

chocolate,  etc.,  174 
Tancrcdus.   Latious,   freciing  water  I 

mixture  of  snow  and  ^Ipelre, 
Taugye   pallem  frame    ammonia    cch 

pressor,  95 
Tank  insulation,  i3S-33 
Tiipeslries,  preservation  of,  by  meoni 

refrigeration,  403 
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Tayler.    See  Wallis- Taylor 

Taylor's  patent  fittings  for  doors  of  cold 
stores,  324 

Tea  regulating,  fermenting  of,  by  refriger- 
ation, 401,  402 

Tellier  and  Pictct  machines,  cost  of 
making  ice  with,  503 

Tellier,  Charles,  melhylic  ether  compres- 
sion machine,  39*4 1»  243 

Tell-tales.     See  Temperature  tell-tales 

Temperature  absolute,  9 

—  and  heat  distinct  meanings  of,  8 

—  best,  to  maintain  a  fruit  cargo,  376 

—  exchanger  and  economiser,  161 

—  of  condensed  gas  most  economical, 

149 

—  of  oxydising  or  fermentation  of  tea 

by  refrigeration,  401,  402 

—  tell-tale.>   and    long   distance   ther- 

mometers. 495,  4<>6 
Temperatures   for   the    cold    storage    of 
various  articles,  pro|>er,  345,  357 

—  to  which  ammonia  gas  is  raised  by 

compression,  533-535 
Tender  fruits,  cold  storage  of,  349,  350 
Testing  of  refrigerating  machinery,  484- 

491 

—  work  of  carl)onic  acid  machine,  481 
Tests  of  waterproofing  brick,  314-317 
Thames,  refrigerated  barges  on.  377 
Theoretical   efficiency   of  a  refrigerating 

machine,  greatest,  15 

Theory  and  practice  of  mechanical  re- 
frigeration, 6-18 

Thermo-dynamics,  first  laws  of,  6,  9 

Thermographs,  377,  496 

Thermometrical  scale,  Fahr.,  zero  on,  9 

Thomas,  F.  S.,  arrangement  for  increas- 
ing the  surface  of  cooling  pipes, 
264 

Thompson,  M.  R.,  on  filling  ice  houses, 
461,  4^2 

Time  required  for  water  to  freeze  in  ice 
cans,  458 

Torakins,  E.  H.,  improvements  in  absorp- 
tion machines,  165,  166 

Tools,  loose,  re<iuired  in  ice  factory,  456 

Toselli's  ice-making  machine,  20 

Tower,  air  cooling,  267-269 

—  water  cooling,  151-153 
Track  system  for  ice  factories,  454 
Trade  in  Australian  apples,  4 

—  in  fresh  provisions,  1-5 
in  fro/en  cream,  4 

—  in  frozen  meat,  2 

—  in  grapes,  4 

—  in  peaches,  4 

—  in  pears,  4 


Trans -Mississippi  Exposition,  refrigerat- 
ing machine  at,  100 
Trays,  dnp.     See  Drip  trays 
Triple  -  effect   distilling  apparatus,  437, 

438 
Tripler's  apparatus  for  the  produciion  o\ 

very  low  temperatures,  514,  515 

Triumph   Ice  Machine  Co.  approximate 

cost  of  ice  making,  507 

—  atmospheric  condenser,  144 

—  automatic  ice  dump,  452-454 

—  complete  brewery  refrigerating  plant, 

393 

—  dimensions      of     submerged     con- 

densers, 140 

—  discharge  and  suction  valves,  230-233 

—  double-acting  amm  nia  compressor, 

80.82 

—  expansion  valves,  222,  223 

—  oil  separator  or  collector,  436,  437, 

475 

—  plan  of  ice  factory,  447 

—  plan  for  insulation,  330 

—  propeller  for  brine  agitation,  421 

—  small  cold  storage  room,  277 

—  stop  valve,  228 

—  water  cooling  tower,  153 
Tropical  climates,  cooling    of  hospitals, 

etc.,  in,  403 

Trotter,  Mr.  A.  P.,  long  distance  ther- 
mometer, 496-498 

Trough,  open,  system  of  cooling,  271,  272 

Truman,  Hanbury  &  Co.  brewerr,  first 
use  of  ether  machine  at,  378 

Trunk  for  admitting  cold  air  in  marine 
installations,  371,  372 

Tunnelling,  application  of  refrigeration 
to,  404 

Tuttle  and  Lugo,  cold-air  machine,  202 

Tuxen  and  Hammerich  Engineering 
Works,  Limited,  ammonia  com- 
pressor, 91,  92 

—  carbonic  acid  compressor,  135 
Twining    and    Harrison,   wall  or    plate 

system  of  ice  making,  .422,  423 
—  Professor,     improved     compression 

machine,  36,  37 
Tyler  anl  Ellis  Manufacturing  Co.,  Ltd., 

ammonia  absorption  machine,  1 79, 

180 
Tyndall,  Prof.,  definition  of  heat  by,  7 


UNIONS,  flanj^e,  237,  238 
—  pipe  joints  and,  233-242 
United  Kingdom,  cold  stores  in,  5 
imports  of  frozen  provisions  into 

»-5 


UDlted  Slates,  const  rut  lion  of  first    re- 

rriKcralor  car  in,  330 
Illinois     Central    Railway,     re- 

friECTilor  car  on,  333-336 

imports  of  chilled  meat  from,  3 

method  of  frcexing  fiih  in,  345, 

3*6 

—  —  pattern  of  Lindc  immonia  com- 

pressor,  made  in,  73 

—  —  selling  and  delivering  of  ice   in. 

461-464 

—  —  standards,  comparison'  of  British 

measures  «4Lh,  545 

—  —  water  cooline  towers  in,  15* 
Unit  of  measure  of  heat,  8 
Unnecessary  clearance  spaces  in  ammonia 

compressor,  53-56 
Unwin,  friction  of  air  in  tubes,  551 
Upholstered  furniture,  preservaiion  of  by 

refrigeration,  403 
Useful  data,  518 
'ul  iDformatic 
salion  ol  di 
abstract  heat,  18,  19-23 


VACUUM  fl-isks  for  litjuy  nir,  5 1 1 
—  machine,  cost  of  maltmjf  ice  by, 
584 

—  machine,  improved  pump  for,  i8 

—  process,  Ibe,  18,  14-3! 

—  system  of  ice  making,  444,  445 

—  system  of  refrigeration,  the,  IH.    Sft 

also  Vacaum  Process 
VallaDce,     improvements      in       vacuum 

machines,  15 
Valves,  safety,  51,  125,  130,  133,  134 

—  compressor,    unnecessary    clearance 

spaces,  56 

—  discharge,  Z28-233 
.,41,53,  22[-2l6 
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1.  iii-m>  366 

Value  of  difTcrent  substances,  non-con- 

duclive.  306,  30; 
Van  der  Weyde   refrigerating  machine, 

43 

—  system  of  packing  ice,  550 
Vans,  railway,  refrigerated,  330-338 
Vapour,  method  of  cooling  in  compres- 

sitn  cylinder,  73 

—  See  aim  Gas 

Various  articles,  proper  temperalures  for 
cold  storage  of,  345-35" 

—  hydrometer    scales,  comparison    of, 

538.  S39 

—  insulatmg  5tniclure<i,  Inble  !howing 
■  in  ofheal  through,  31 


iins  for  refrigerating  anil 
ice-maliiD^,  iS 

—  manufacturing  and  industrial  appli- 

cations ofrefngei^tion,  4OZ-404 

—  methods  of  ice  making,  416-445 

—  substances,  results  of  eipcrimeats  on 

the  heat  conductivity  of,  toS 
results  of  tests  on  the  neat  con- 
ductivity of,  308 

—  substances    used    for    purposes    of 

insulation,  289 
Vault  in  brewety,  cooling  of,  387 
Vegetables,  cold  storage  of,  351 
Vendin-Sens  use  of  rcSgcration  for  sink. 

ing  shafts  at,  405 
Ventilation  of   cold  stora,ge    chambers, 

Ventilating  shafts  for  cold  stores,  iSi 
Vernon,  Mr,  C.  E.,  electric  temperalnre 

tell.t.iles,  495.  496 
Vertical  dupW  manne  type  of  carbonii; 

acid  machine,  361,  362 

types  o(  cold-air  machine, 


.  363 


—  marine  type  of  single 

monia  compre>sion  ~ 

—  pipe,  mercury  well  for,  400 
Vessels  carrying  live  cattle,  cooling  holdt 

of,  403 

—  lilted  with  refrigerating   niacbinery, 

number  of,  5 

Vicq-Auiin,  use  ofrefrigeiatiein  Sdr  sink- 
ing shafts  at,  403 

Victoria  Dock,  lifts  at,  343 

—  imports  of  buttrr  from,  4 

—  imports  of  Iroien  beef  from,  3 
Victuals,  s]iecific  heat  and  composition  o(, 

498 

Villafranca,  Blasius,  use  of  saltjielre  bj. 
for  the  reduction  o[  temperature,  19 

Vilter  Manufaclufing  Co.,  ammonia 
compressor,  73-75 

Vogt  Machine  Company.  Henry,  im- 
proved ammonia  absorption  ma- 
chine, 176,  177 

V'oothees,  Mr.  GardincrF.,  oil  4eparatoi 
or  collector,  472,  473 

V-shaped  or  cormgaled  bottom  to 
ing  lank,  ll>4 

Vulcan   Iron   Works,   amount   of 
required     in    refrigcraling 


—  enclosed  type 

—  horiionlal   double  acting 

compres^on  machine, 

—  ice  factory,  447 

—  track  system,  454 


INDEX. 
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WAGELIN    and    Hubner  carbonic 
acid  compression  machine,  136 
Wagons,  refrigerated.     See  Vans 
WaUier,  laboratory  ice-making  machine, 

20 
Wallace,  Dr.  Wm.,  results  of  tests  by,  to 

determine   nun -conductive   values 

of  various  materials,  307 
Wallis-Tayler  and  Whitehead,  revolving 

door  for  cold  stores,  278-281 

—  tests    conducted     by,    on     cold-air 

machines,  219,  220 
Wall  or  plate  system  of  making  clear  ice, 

416,  422-425 
Walls  for  cold  stores.  317-320 

—  of   cold    stor  s,    radiation    of  heat 

through,  259,  260 

Wall  system,  plan  for  chilling  and 
freezing  by  circulation  of  cold 
brine   on,  264,  265 

Washed  intestines  of  freshly  killed  pigs, 
experiments  with  ammonia  on, 
249 

Washing,  cooling,  and  drying  air,  appa- 
ratus lor,  2O9,  270 

Wastage  of  ice,  462 

Water,  amount  of,  required  in  refriger- 
ating ai)paratus,  550 

—  common     arrangement     for     distri- 

bution in  atmospheric  condensers, 

'43 

—  consumption      in      carbonic       acid 

machines,  126 

—  consumption      in      sulphuric      acid 

machine,  27 

—  consumption      in    sulphuric     ether 

machme,  38 

—  cooling  towers,  151-153 

—  de-aerating  or    distilling  apparatus, 

435-444 

—  power  required  to  raise    from   deep 

wells,  542 

—  presence  of,  in  ammonia  system,  468 

—  pressure  of,  540 

—  quantity  of,    discharged   per  minute 

by  barrel  pump,  542 

—  savmg  and  coohng   apparatus,   149- 

'5'. 

—  specitic  heat  of,  8 

Waterprt)of  coatings  for  brick  surfaces, 

3»3-3ir 
Waygood  &  Co.,  external  carcass  hoist, 

343 

—  lifts,  passenger  or  goods,  343 

Webb's  arrangement  of  suction  valves  for 
ammonia  compressors,  366 

Weddcl  &  Co.,  on  imports  of  mutton, 
lamb,  and  beef,  3 


Wedge,  adjustable  shoes  on  crossheads  of 
compressor,  75 

—  doors  for  cold  stores,  324 

Well,  mercury,  for  horizontal  pipe,  486 

vertical  pipe,  486 

-  sinking,  application  of  refrigeration 
to,  404 
Westerlin  and  Cambell  double-pipe  con- 
denser, 147,  148 
West,  H.  J.  &  Co.,  Ltd.,  carlx)nic  acid 
compression  machines,  126- 131 

—  ether  compression  machine,  108-110 

—  See  also  Delia,  Beflfa  and  West 
West  India  Docks,  lifts  at,  343 

—  Indian  fruit,  first  cargo  of,  4 

—  Smithfield,  lifts  at,  343,  344 

Wet  system  of  operating  ammonia  com- 
pression machines,  52,  53 

Wetzel  pan,  water  cooling  tower  on 
principle  of,  1 53 

Weyde,  Van  der,  refrigerating  machine,  43 

—  system  of  packing  ice,  550 

White  bleaching  of  clothes  by  refriger- 
ation, 403 

Whitehead.  See  Wallis-Tayler  and 
Whitehead 

Wilson.  Thos.,  Sons  &  Co.,  steamers 
fitted  with  refrigerating  machinery, 
for  the  butter  trade,  4 

Windhausen  apparatus  for  production  of 
very  low  temperatures,  513 

—  carbonic  acid  machine,  44,  45 

—  cold-air  machine,  194-199 

—  Franz,  compound  vacuum  pump,  26 

—  machine,  cost  of   making  ice  with, 

503*  504 

—  machine,   insallation    of,   at    Bays- 

water,  26 

Window  insulation,  328 

Windows  of  cold  stores,  radiation  of  heat 
through,  259 

Wine  growers  and  merchants,  use  of  re- 
frigerating machinery  by,  401 

Wolf  Co.,  Fred.  W.,  atmospheric  con- 
densers, 144,  145 

—  recent  design  of  Linde  compressor 

made  by,  73 
Wood,  De  Volson,  properties  of  saturated 
ammonia  gas,  536 

—  See  also  Pontifexand  Wood 
Work,  carbonic  acid  machine,  to  charge 

and,  480.484 

—  demanded  of  a  machine  for  effect- 

ing mechanical  refrigeration,   12, 

13,  15 
Worthinglon  Pumping  Engine  Co.,  table 

of  diameters,  areas  and  displace- 
ments, 541 


^B  WortMnglon  w'ater. cooling  tow 
^m  Wroblewski,  EiperimenK  by, 
H   '  (action  af  gases.  511 

Wroncbt  iron  pipes,  standiird  di 


rangement  of,  473-475 
comparison   or  various   hj-di 
scales,  538,  539 
istillipg  apparatos,  ^it)-■i 
ifsatii    ■    ' 
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9,  liTEwery,  cooliog  nii  la.  }ti4. 


Yield  iif  anhydrous  amrouoia  from  im- 
monia  solutions,  m 

York  Manufac taring  Co.  componnd  am- 
monia compressor,  &if 

—  improved  St.   Clolr  aiDmonia  com- 

—  single-acting  ammonia   compresoT. 


ZERO  on  Centigrade  tht^rmoinetricil 
—  on  Kahtenheil  ihemiomelricatscale,!! 


